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THE study of the development of endosperm in the family Scrophula- 
tiaceae dates from the year 1849 when Tulasne made his classical observa- 
tions. Since then a large number of workers (Hofmeister, 1859; 
Balicka-Iwanowska, 1899; Schmid, 1906; Glisic, 1932, 1933; Srinath, 
1934, 1940; Krishna Iyengar, 1937, 1939-42; Raghavan and his 
co-workers, 1940, 1941, 1946; Crété, 1948-50, 1952-54, 1958; 
Yamazaki, 1953, 1954, 1957) have also contributed much to our know- 
ledge of the endosperm in Scrophulariaceae. Samuelsson’s work in 
1913 followed by those of Schnarf (1929, 1931), Glisic (1936-37), 
Krishna Iyengar (1947) and Crété (1951, 1955) have thrown much light 
on the nature of the endosperm and its haustorial processes and have 
also indicated phylogenetic relationships between the different genera 
of Scrophulariaceae. Recently, Yamazaki (1953, 1954, 1957) working 
extensively on several genera of Scrophulariaceae has established 
phylogenetic relationships and affinities in the different genera on the 
basis of morphological and embryological characters. 


The present account is a review of the notable work done till 1958 
particularly on the endosperm and endosperm-haustoria of Scrophularia- 
ceae and incorporates the unpublished work carried out in the Botanical 
Laboratory, Calcutta University, by Dr. N. Pal. An attempt has been 
made on the basis of his observations and the data’obtained from previous 
workers to show clearly the phylogenetic relationships of the different 
genera. 


(1) Endosperm and Endosperm-haustoria—The formation of a 
cellular type of endosperm is characteristic of the family Scrophularia- 
ceae. The only deviation is that recorded by Evans (1919) in Pent- 
stemon sécundiflorus which has later been severely criticised by Dahlgren 
(1923).. Schmid (1906), however, recorded the occurrence of free- 
nuclear endosperm in a single instance in Pedicularis foliosa. 
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The first division of the endosperm in all the plants so far investi- 
gated is transverse leading to the formation of a micropylar and a chala- 
zal chamber. The next division, which occurs in the micropylar chamber, 
is vertical excepting in Pedicularis, Melampyrum, Euphrasia and Tozzia 
(Hofmeister, 1859; Schacht, 1863; Schmid, 1906; Lundquist, 1915; 
Krishna Iyengar, 1942) and in some other members of the family 
such as Alonsoa, Sopubia, Vandellia, Bonnaya and Ilysanthes (Krishna 
Iyengar, 1937, 1940a, b and c). In Angelonia (Srinivasan, 1940) and 
Nemesia (Crété, 1950a and 6), however, the sequence Is altogether 
different. In the former, all the early endospermic divisions are said 
to be transverse and in the latter, the micropylar chamber precociously 
differentiates into an uninucleate haustorium instead of undergoing 
any further division. 


The chalazal chamber formed by the first division of the primary 
endosperm nucleus gives rise to the chalazal endosperm-haustorium quite 
early in the developmental history of the endosperm tissue, with the 
exceptions of Nemesia (Crété, 1950 aand 4), Ellisiophyllum (Yamazaki, 
1957 a) and in Pedicularis, etc. (Schmid, 1906; Krishna lyengar, 
1942 c). Srinivasan’s (1940) account onthe non-occurrence of endo- 
sperm-haustorium in Angelonia grandiflora has been questioned by 
Maheshwari and Navalakha (1941). Later, Krishna lyengar (1947) 
doubted the validity of such observations in Angelonia grandiflora and 
stated that the haustoria are formed at both ends of the endosperm 
tissue. It may be mentioned here that in Nemesia (Crété, 1950 a 
and b) and Ellisiophyllum (Yamazaki, 1957 a), this chalazal chamber does 
not differentiate driectly as the haustorial cell but undergoes further 
divisions;to give rise to the endosperm tissue, while the micropylar 
chamber is. precociously transformed into the haustorium. 


The structure of the chalazal haustorium is very variable in different 
species of the family which ranges from a single uninucleate, or binucleate 
or tetranucleate cell, to two or four uninucleate juxtaposed cells. In 
Gratiola (Glisic, 1933; Yamazaki, 19534), these cells, however, 
are superposed. The haustorium is also not equally aggressive 
in the different members of the family. In Lindenbergia indica 
(Pal, 1958) the haustorium is composed of a uninucleate cell while 
in Mazus japonicus (Pal, 1958) there are two such cells which are later 
converted into a two-nucleate cell by the dissolution of the common 
vertical wall between them. It may be mentioned here that in Mazus 
rugosus (Hofmeister, 1859), this haustorium is very large, and prominent 
at maturity while in Mazus japonicus it is not so. One-celled uninucleate 

chalazal haustorium has also been observed in Torenia (Balicka- 
-Iwanowska, 1899; Krishna Iyengar, 1941; Guilford and Fisk, 1952), 
Limosella (Samuelsson, 1913;  Schnarf, 1925; Svensson, 1928), 
Lathraea (Glisic, 1932), Limnophila (Krishna Iyengar, 1939 6); Moniera, 
Bacopa (Safeeulla and Govindu, 1949 and 1950); Glossostigma (Safeeulla, 
£959), Alonsoa (Crété, 1950 c); Vandellia and Bonnaya (Yamazaki, 
_ 19546). The occurrence of achalazal haustorium consisting of two 
uninucleate cells which later become a 2-nucleate cell, as in Mazus 
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Japonicus, has also been found in Alonsoa, Sopubia, Bonnaya and Van- 
dellia (Krishna Iyengar. 1937, 1940a, b, c; Srinivasan, 1940). 

The micropylar endosperm-haustorium also seems to be of uni- 
versal occurrence in the family which differentiates by the second 
transverse division (occurring in the micropylar chamber) of the growing 
endosperm tissue, exceptions having been noted in Pedicularis, Nemesia 
and Ellisiophyllum (Schmid, 1906; Krishna lyengar, 1942c; Crété, 
1950 a and 6; Yamazaki, 1957a) where the micropylar haustorium 
differentiates precociously. The micropylar endosperm-haustorium, as 
in the case of chalazal, differs widely in its structure as well:as in the 
degree of agressiveness in different species of the family. In Linden- 
bergia indica (Pal, 1958), the single vertical wall of this haustorium is 
developed partially, only to disappear very soon. This type of micro- 
pylar haustorium seems to have been derived from Veronica or Alecto- 
rolophus series of Glisic (1936-37). Moreover, the haustorium in 
Lindenbergia shows less activity which possibly indicates a condition 
of primitiveness. In Mazus japonicus (Pal, 1958), the micropylar endo- 
sperm-haustorium consists of two uninucleate cells which are later 
transformed into a binucleate one. Similar behaviour has also been 
recorded in Veronica (Glisic, 1936-37; Yamazaki, 1957 6) and Rehmannia 
(Krishna Iyengar, 1942 a). Further, in Mazus japonicus, one or two 
tubular outgrowths protrude out from this haustorium. These processes 
penetrate inside the integumental tissue and proceed towards the 
chalaza. Such lateral proliferations of this haustorium were previously 
reported in Alonsoa (Krishna Iyengar, 1937: Crété, 1950 c); Vandellia 
(Krishna Iyengar, 1940 a); Lyperia (Crété, 1949); Striga (Tiagi, 1956) 
and-in many other species of the family. In Mazus rugosus, Hofmeister 
(1859) demonstrated several such branches coming out from the micro- 
_pylar endosperm-haustorium which seem to be very different in 
appearance from that observed by Pal (1958). 


Lindenbergia and Mazus (Pal, 1958) are both characterised by 
successive transverse divisions of the two cells of the middle tier in the 
three-tiered endosperm (including haustoria) leading to the formation 
of a long narrow biseriate endosperm tissue apart from the two terminal 
endosperm-haustoria (vertical walls appear later in the lower cells, 
i.e., the cells situated towards the chalazal end producing a massive 
endosperm tissue). Similar development of biseriate endosperm tissue 
at the initial stages of growth has already been described in Striga 
euphrasioides (Srinivasan, 1946) and Gratiola japonica (Yamazaki, 
19535). It also appears to be identical with Angelonia grandiflora 
(Srinivasan, 1940). ‘ 


The formation of a group of small cells, rich in cytoplasm, by the 
endosperm tissue at one or both ends (i.e., chalazal and micropylar) 
‘just below the haustoria has been recorded in many members of the 
family (Michell, 1915; Glisic, 1933; Souéges, 1935; Krishna Iyengar, 
1937, 1939 a and b, 1940 a-c, 1941, 1942 a-c; Srinath, 1940; Guilford 
‘and Fisk, 1952; Crété, 1953; Yamazaki, 1953 6, 1954 b, 19576 and 
Tiagi, 1956). Balicka-Iwanowska’s (1899) ‘Secondary haustorium 
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in Linaria cymbalaria and Berg’s (1954) ‘ Cutis forming cells’ in Pedi- 
cularis silvatica are also possibly identical in nature. In Lindenbergia 
indica (Pal, 1958), these cells are absent at the chalazal end. At the 
micropylar end of this plant, as well as in Mazus japonicus, the endo- 
sperm cells become specialised. 


In Mazus japonicus (Pal, 1958), two uninucleate cells (which later 
become a single binucleate cell) of the chalazal haustorium degenerate 
very early and seem to be replaced by a second one, having originated 
secondarily from the lowermost tier of the endosperm tissue. Further, 
this structure becomes complicated by the addition of many 
new and small cell elements from the endosperm tissue. The ultimate 
amoeboid structure seemsto form a modified type of chalazal conductive 
tissue of the endosperm which lasts for a considerable length of time in 
the developmental history of the seed. It may be mentioned here that 
Srinivasan (1946) considered the densely staining group of cells at the 
chalazal end in Striga as the secondary chalazal haustorium. Tiagi 
(1956), working with the same genus, differed from him and suggested that 
the function of these cells are only conductive in nature. It should 
be noted that the origin and structure of this tissue in M. japonicus 
are more or less different from any other species so far investigated in 
the family. 


It may thus be said that in M. japonicus and _L. indica (Pal, 1958), 
though the sequence of cell divisions in the endosperm is more or less 
identical, yet the behaviour of the tiers of cells is very different, which 
may be apparent from Figure |. 


(2) Evolutionary tendencies in the development of endosperm-haustoria 
in the family Scrophulariaceae.—Samuelsson (1913) and Schnarf (1929, 
1931) have classified the different types of endosperm development 
in the members wf this family. Later, Srinath (1940) discussed the 
origin and interrelationships in them. Glisic (1936-37), however, 
for the first time, produced an elaborate account on the trends of evolu- 
tion of endosperm-haustoria in this family, which has later been enriched 
by the work of Krishna Iyengar (1947). Still later, Crété (1951, 1955) and 
Pal (1958) modified the diagrammatic chart of Glisic and also attempted 
to find out the interrelationships of the family with the allied ones. 
On the other hand, Yamazaki (1953, 1954, 1957) tried to correlate the 
morphological and embryological data in several genera of the family. 
It may be useful here to discuss some of the available evidences regard- 
ing the evolutionary trends in the development of endosperm-haustoria 
_in the family Scrophulariacee. 


The lines of evolution (as indicated here) are base i 
characteristic features of endosperm rae tp which ad Poca tolerant 
by the previous authors. The multicellular (uninucleate cells) nature 
of the endosperm-haustoria has been considered as a primitive charac- 
ter, other characteristics being (1) sequence of early divisions in 
endosperm, (2) occurrence and behaviour of the partition walls (if any) 
in the haustoria, (3) number of cell or cells and/or nuclei in the 
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haustoria and (4) plane of wall formation (if multicellular) in the 
haustoria. 


Glisic’s (1936-37) chart indicates three major lines of evolution 
of endosperm formation in the family. However, difficulties are en- 
countered in accepting his proposal. First, he had to assume some 
hypothetical types like ‘ Pro-Veronica’, ‘Pro-Limosella’ (this was 
probably unavoidable due to the lack of sufficient information available 
at his time) in his system. Secondly, the type, where the chalazal cham- 
ber (haustorium) of the endosperm undergoes a division with the for- 
mation of a vertical wall, and the type where the said division is not 
associated with wall formation, was considered by him to represent 
parallel lines of evolution and not as a derivative of the former type. 
Moreover, he could not assign a proper place for ‘ Pedicularis type’ 
in his chart. It should be mentioned here that though in all the three 
lines of evolution in Glisic’s chart, the division in the micropylar cham- 
4° ber of the endosperm (i.e., the second division of the endosperm) is vertical 
but in Pedicularis, Melampyrum, Euphrasia and Tozzia (Schmid, 1906; 
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Krishna Iyengar, 1942), the second division in the endosperm was 
found to be transverse in the chalazal chamber. Krishna Iyengar 
(1947) has, however, attempted to fill this gap by introducing a ‘ fourth 
line’ in the evolutionary sequence where in the second cell generation, 
all the three cells of the endosperm lie in one row, the said division 
in the micropylar chamber (?) being transverse. The position of the 
‘Pedicularis type” has also been indicated by some of his observations 
on several species of the family, viz., species of Alonsoa, Ilysanthes, 
Bonnaya, Sopubia, Vandellia (Krishna lyengar, 1937, 1940 a—c) where 
the said transverse division occurs in the ‘micropylar chamber’. 
Similar sequence has also been noted in species of Striga (Michell, 1915) 
as well as in Pedicularis (Lundquist, 1915). Later, Crété (1951) cited 
-two examples of the occurrence of both longitudinal or transverse divi- 
sions in the micropylar chamber in the same species and expressed 
his doubt on the systematic value of such variations. Further, he 
referred to the observations on some species of Euphrasia (Wurdinger, 
1910) and Veronica (Weiss, 1932) where the sequence is similar to 
Pedicuiaris. 


But in spite of all these evidences, the position of ‘Pedicularis type’ 
is yet open to question. The following points need consideration in 
this connection: (1) the most important contribution on this type 
(Schmid, 1906) lacks illustrations representing the successive stages; 
(2) most of the observations (Hofmeister, 1859; Schacht, 1863; 
Schmid, 1906; Lundquist, 1915; Michell, 1915) on this type (except 
those of Krishna Iyengar, 1937, 1940 a~c and 1942 c) are records of 
earlier investigations on the family; (3) in the majority of cases the 
division of the micropylar chamber in the members of this family is 
vertical and not transverse; and (4) a number of genera and species 
in which such observations have been made (i.e., occurrence of trans- 
verse division in the micropylar or chalazal chamber), also present 
examples of the types where this division is longitudinal such as 
Veronica (Gscheidle, 1924; Wiess, 1932; ~Yamazaki, 19574 and as 
classified by Glisic, 1936-37), Alonsoa (Crété, 1950 c), Ilysanthes 
(Raghavan and Srinivasan, 1941 a; Yamazaki, 1954), Vandellia (Sri- 
nivasan, 1940; Yamazaki, 19546) and Striga (Srinivasan, 1946: 
Tiagi, 1956). Moreover, Schmid’s (1906) and Krishna Iyengar’s 
(1942 c) descriptions on Pedicularis do not tally with other observations 
on the genus (Lundquist, 1915), as they state that the micropylar 
haustorium, instead of the chalazal one, is differentiated by the first 
division of the primary endosperm cell and further wall formation takes 
place only in the chalazal chamber, and thus the chalazal haustorium 
originates at a later stage of development. This sequence seems to 
be unnatural in this family though, the same has been substantiated 
later by the observations of Crété (1950a and 4) in Nemesia where 
the chalazal haustorium does not develop at all. 


os Recent observations of Berg (1954) on Pedicularis silvatica seems 
to invalidate the conception of ‘Pedicularis type’ of endosperm forma- 
tion. He clearly demonstrated the formation of a vertical wall in 
the micropylar chamber of this species and suggested that Schmid’s 
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interpretations were possibly erroneous due to several reasons as has 
already been admitted by himself (Schmid, 1906). It should be men- 
tioned here that Glisic (1936-37) also expressed his doubts on the 
validity of such a type of development of endosperm as described 
previously in Pedicularis. 


Glisic’s (1936-37) ‘Pro-Limosella type’ has, however, been sub- 
stantiated later by the observations of Crété (1948) and Yamazaki 
(1954 5) on Chaenostoma, Ilysanthes and Lindernia. *Pro-Veronica 
type,’ on the other hand, has been demonstrated in Wu/lfenia carinthiaca 
(Yamazaki, 1957 a). 


Figure 2 gives a diagrammatic representation of the probable evolu- 
tionary sequence of the endosperm types in the family. It should, how- 
ever, be mentioned that the diagram is a modified representation based 
on the works of Glisic, Krishna Iyenger and Crété. Further, in plants 
where the sequence has not been definitely established or where the 
division of the micropylar chamber has been found to be transverse 
or where the organisation of the embryo-sac does not follow the general 
scheme, have not been considered. 


The chart is self-explanatory and no elaboration is necessary. The 
arrows indicate the sequence of development. The broken lines with 
arrows denote the probable lines of evolution of the different derivative 
types. The hypothetical ‘‘ Pro-Pedicularis type’ introduced here is the 
intermediate stage of Gratiola I type in Glisic’s system and is yet 
to be demonstrated in the family. The dotted lines in the diagrams 
indicate the position of walls which in course of time have becom 
obliterated. { 
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VIRUS DISEASES OF PEPPER 
(CAPSICUM SPP.) 


By K. RAMAKRISHNAN * 
(Received for publication on March 10, 1960) 


INTRODUCTION 


PEPPERS (Capsicum spp.) are subject to a large number of virus diseases 
besides being susceptible to artificial infection by a number of viruses. 
However, no comprehensive account of the virus diseases of pepper is 
available. The author was prompted, therefore, to compile the infor- 
mation collected by him in the course of study of a virus disease of 
pepper, in the form of a review presented in the following pages. 


In the present review the viruses affecting pepper are discussed 
under the following heads: 1. Viruses occurring naturally on pepper. 
2. Viruses artificially transmitted to pepper. 3. Unidentified viruses. 
The viruses are designated both by their common name as given by 
Smith (1957) and their Latin binomial according to the system of Holmes 
(1948), where available. 


1. Viruses occurring naturally on pepper 
The following is a list of viruses causing natural diseases on pepper: 
1. Cucumber mosaic virus. 
Tobacco mosaic virus. 
Tobacco etch virus. 
Alfalfa) mosaic virus. 
Pepper vein-banding virus. 


Potato virus Y. 


Cranberry false-blossom virus. 


i a 


Tomato spotted-wilt virus, 
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9. Beet curly-top virus. 

10. Tobacco leaf-curl virus. 

11. Aster ringspot virus. 

12. Trinidad pepper mosaic virus. 

13. Indian chilli mosaic virus. 

14. Puerto Rican pepper mosaic virus. 
15. Trinidad pepper vein-banding virus. 
16. Italian pepper mosaic virus. 


17. Pepper yellow-leaf virus. 


Of the above viruses 1-11 are listed in Holmes (1948) or Smith 
(1957). The rest of them (12-17) do not find a place in these manuals. 
However, a great deal of information including details of virus proper- 
ties is available about all of them except the pepper yellow-leaf virus. 
Moreover, most of these viruses cause serious diseases on pepper in 
some countries and are therefore important factors in pepper production. 
It was felt therefore, that these also should find a place in a review of 
the present type. The characteristics of viruses naturally occurring 
on pepper are summarised in Table I. 


2. Viruses artificially transmitted to pepper 


The following is the list of viruses artificially transmitted to pepper. 
In many cases no detailed account of the symptomatology following 
inoculation is available; but where available, the information has been 
summarised. 


Potato virus X. 

Tomato bushy stunt virus. 
Tomato ringspot virus. 

Potato aucuba mosaic virus. 
Potato leaf-roll virus. 

Potato stunt virus. 

Broad bean vascular wilt virus. 


Carrot motley dwarf virus. 


oo NANA YWN > 


Sweet-potato mosaic virus. 


Yam mosaic virus. 


— 
= 


Sunflower mosaic virus. 
Radish stunt virus. 


— pf 
NO = 


TABLE 


Characteristics of 


| 


: Dilution end 
Virus point 
1 Cucumber mosaic virus 
Strains of CMV 
(a) Ringspot strain 1 : 10,000 
(6) Southern celery 1 : 10,000 
mosaic strain 
(c) Southem CMV 1 : 10,000 
(d@) Pepper calico to 
(¢) Pepper oakleaf 1 : 20,000 
2 Tobacco mosaic virus a 
Strains of TMV 
(a) ‘Ring’ strain 1 : 1,000,000 
(6) Marmor tabaci v. siccans | 1 : 1,000 000 
(c) Tobacco paramosaic Closely similar 
virus to TMV 
(d) Tomato atypical 1 : 1,000,000 
mosaic virus 
(e) Tomato streak virus Not known 
(f) Seed-borne strain 1 : 1,000,000 
3 Tobacco etch virus ! 
4 Alfalfa mosaic virus 
Strains of AMV 
(2) Potato calico strain af 
(6) Marmor medicaginis . 
v. capsici 
(c) M. medicaginis v. 1 : 100 
ladino 
5 Pepper vein-banding 1 : 20,000 
mosaic virus 
6 Potato virus Y ae. 
7 Cranberry false blossom 
virus 
8 Tomato spotted-wilt oa 
virus 
9 Beet curly-top virus ae 
10 Tobacco leaf curl virus 
11 Aster ringspot virus Pe 
12 Trinidad pepper.mosaic virus | 1 ; 5,000 
13 Indian chilli mosaic 1 : 25,000 to 
virus 1 : 30,000 | 
14 Puerto Rican pepper 1:100 
mosaic virus 
15 Trinidad pepper vein- 1 : 2,00,000 
banding virus ; 
16 Italian pepper mosaic No information 
virus available 
17 Pepper yellow leaf virus e 


Thermal 
inactivation | Ageing ix vitre 
point 
70-72° C. | 4 days at 18°C. 
75° C. | 6-8 days at room 
temperature 
65-70° C. = 
90°C. | - 
90-95° C. | 7 years at 21-27°C. 
7 
85-90° C. | 18 months in dried 
tobacco leaves 
| s 
53-55° C. | 72-96hrs. at 16°C. 
63-64° C. oe 
62-63°C. | 48hrs. at 18-20°C. 
60 min. at 28° C, 
60-65° C. | 10-15 days at 
8 Pal OF 
75-80° C, =) 
63° C. | 16 days at 15°C. 
55-60" C. | 15-22 days at 
room temperature 
55-58° C. | 48 hrs. at 22°C, 
62° C. | 6 days at 25-30°C. 


ee oe 


Sap trans- 
missible or 
not 


; 


I 
Pepper Viruses 


Insect vector 


Myzus persicae, Doralis 
frangulae 

Not known 

Myzus persicae 


Aphis gossypit, Myzus 
persicae, Aphis rumicis 


None 


Myzus persicae, Aphis 
Lossy pit : 
Myzus persicae 


| Frankliniella 


paucispinosa 


Bemesia inconspicua 


Aphis gossypit, Myzus 
persicae, Aphis evonymi 


Aphis gossypii 


| 


| transmission 


| 
| 


Other 
methods of 


By seeds 


By seed also 


Cuscuta 
pentagona 


| 


Naturally occurring 
pepper viruses— 
Distribution 


References 


Bulgaria, Hungary, 


Italy, Portugal, 
Spain, U.S.A., 
Yugoslavia 


Bulgaria, Ceylon, 
Czechoslovakia, 
Germany, Japan, 
New Zealand, 
U.S.A., South 
America, Spain, 
Trinidad 


U.S.A., Canada 


Bulgaria, Canada, 
Germany, U.S.A. 
Yugoslavia 


U.S.A. 
Bulgaria, U.S.A. 


Austria, Bulgaria, 
Russia 


Mexico, Netherlands, 
U.S.A. 

U.S.A. 

India, Ceylon, Spain 
U.S.A. 

Trinidad 


Indian, Pakistan 


Puerto Rico 


‘Trinidad, U.S.A. 


Italy, Spain 
U.S.A. 


Doolittle & Walker, 1923, 1925; 
Doolittle & Laumbyer, 1952, 1953; 
Kovachevsky, 1940, 1942; Szirmai, 
1937/40, 1948; Bennloch & 
Dominiguez, 1934; Wellman, 1934; 
A. Simons, 1957; and D’Oliveira, 
1940 


Anderson, 1957; Anderson & Corbett, 
1957; Kendrick, e¢ a/.,1951; Panjam & 
Prpic, 1955; Zabala & D’Costa, 1947; 
Brien, 1942; Chamberlain, 1947; Dale, 


1943; D’Oliveira, 1940; Newton, 
1958; Peiris, 1953; Kovachevsky, 
1942; Doolittle & Beecher, 1942; 


Nakata & Takimoto, 1940; Kholer & 
Panjan, 1943; Miller & Thornberry, 
1958; Ainsworth, 1933; Chamberlain, 
1947; McKinney, 1952 

Greenleaf, 1953, 1956; Anderson & 
Corbett, 1957; McKeen, 1953, 1954; 
Cook & Anderson, 1959 
Kovachevsky, 1942; Porter, 1935; 
Sutic, 1959; Oswald, 1950; Berkely, 
1947, 1947 A; Krietlow & Price, 
1949 


Simons, 1956, 1957 


Kovachevsky, 1942; Anderson, 1956; 
Anderson & Corbett, 1957; Simons, 
1959; Sakimura, 1958; Cook & 
Anderson, 1959; David & Stormer, 
1941; Bohme, 1933 

Wenzel, 1956; Sukhov & Voik, 1946, 
1947; Feiginsan, 1936; Blattny, ¢¢ 
al., 1954 

Smith, 1932, 1936; Van Schreven, 1935; 
Ploper, 1948; Chupp, 1937; Gardner & 
Whipple, 1934; Gardner e¢ a/., 1937; 
Pirone, 1935; Kendrick ¢¢ a/., 1951 

Severin, 1929; Dana, 1934;Leyendec- 
ker, 1950; Menzies & Giddings, 1953 

Sardina, 1940; Peiris, 1957; Husain, 
1932; Vasudeva, 1954. 

Anderson,1954; Swank, 1952 


Ferguson, 1951 

MacRae, 1924; Kulkarni, 1924; Uppal, 
1929; Vasudeva, 1954; Jha & Raychau- 
dhuri, 1956; Nariani & Sastry, 1958 

Cook, 1929, 1930; Roque & Adsuar, 
1939, 1941; Perez & Adsuar, 1955 


Dale, 1954, 1956 


Ajroldi, 1989; Gualaccini, 1956; 
Bennloch & Dominguez, 1934 
Heuberger, 1944 
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13. Trinidad tomato twisted-leaf virus. 
14. Trinidad tomato bronze-leaf virus. 
15. Trinidad eggplant mosaic virus. 
16. Tomato necrosis virus. 
17. Tomato yellow mosaic virus. 
VIRUSES OCCURRING NATURALLY ON PEPPER 
1. Cucumber mosaic virus (Marmor cucumeris Holmes) 


As early as 1921 Doolittle showed that the cucumber mosaic virus 
could infect pepper plants. Further evidence of this was furnished by 
Doolittle and Walker (1923, 1925) who also described the symptoms of 
natural infection on pepper. They observed that the younger leaves 
of infected plants curled downwards along the midrib and that the 
basal portion of the leaf was frequently of a lighter green colour than 
that at the top. Within a short time these leaves developed a mottled 
appearance. Only the very young leaves and those produced after 
infection were affected this way. The leaves were reduced in size and 
the stem internodes were shortened. The plants had, therefore, a com- 
pact habit. The leaves were also drawn out in filiform fashion and were 
abnormally narrow. In a few cases the fruits of diseased pepper showed 
warty, dark green outgrowths which were comparable to those found 
on fruits of mosaic-affected cucumber. 


A full description of a disease of pepper called ‘* Reisigkrankheit”’ 
or “Rosette disease”? occurring in Bulgaria has been given by Kova- 
chevsky (1940, 1942). A 100% infection was not uncommon® and in 
such cases the yield was reduced to 10-30% of normal. The symptoms 
of the disease as described by Kovachevsky were essentially similar to 
those given by Doolittle and Walker (1925). Kovachevsky, however, 
observed certain additional symptoms. These were, a distortion of 
the leaves which became asymmetrical and the appearance of necrotic 
patches on the stems of affected plants. On young stems these appeared 
as more or less elongated, linearly arranged pustules, while on the older 
stems the necrosis was superficial and corky. The fruit-setting was 
sharply reduced, the few that were set being badly deformed. These 
deformed fruits showed necrotic streaks. 


_ A disease of pepper in Hungary described as ‘* Ujhituseg” by 
Szirmai (1937/1940, 1948) is considered by Kovachevsky (1942) to be - 
the same as the “Rosette”’ disease in Bulgaria. A disease known as 
‘niebla nueva” in Spain (Bennloch and Dominguez, 1934) andthe disease 
known as “‘arriciamento” in Italy and ‘‘Kustistost” in Russia have 
similar symptoms to the rosette disease and are probably caused by 
the cucumber mosaic virus (Kovachevsky, 1940). 


Strains of cucumber mosaic virus 


_ 1. Ringspot strain—Doolittle and Zaumeyer (1952, 1953) de- 
scribed a ringspot disease of pepper caused by a strain of cucumber 
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mosaic virus. The disease was found to occur naturally in the states 
of New Jersey, Maryland and Delaware of the United States of America. 
The disease was characterised by large chlorotic rings and oakleaf 
patterns on older leaves and concentric yellow rings on the fruits. 
The rings on the fruit later became necrotic and the ‘consequent 
fruit-spotting caused appreciable damage. Pepper plants (varieties 
California Wonder and World Beater) inoculated with the virus at tem- 
peratures between 21 and 28° C. showed yellow green spots on inoculated 
leaves. These spots were 2mm. in diameter and had darker margins 
and centres with concentric rings. The leaves were yellowed. On 
young plants the infected leaves soon dropped off, but on older plants 
they persisted for some time. Systemically infected leaves developed 
pale green, concentrically ringed spots, 2-3 mm. in diameter. These 
spots coalesced and produced an intricately mottled pattern. Within 
two to three weeks from infection some of the older leaves showed 
circular spots 6-8 mm. in diameter with pale green concentric markings. 
Such spots were soon surrounded by a broad band of yellow green with 
a diffuse margin. As the yellow band developed the concentric mark- 
ings in the centre became very faint and the spots appeared as wide 
yellow rings. Usually only 1-3 spots appeared on a leaf. Some leaves 
were not ring-marked but developed pale green oakleaf patterns which 
eventually became necrotic and the leaves dropped. In late stages 
of the disease the leaves were faintly mottled with flecks of light ‘green, 
were slightly misshaper and were more pointed than those of healthy - 
plants. There was very little leaf malformation in early stages of the 
disease. 


Young fruits of affected plants showed no evidence of disease 
although occasional ones had pale green blotches of irregular shape. 
As fruits approached the mature green stage some were marked with 
concentric ringspots 8-20 mm. in diameter, similar to those on leaves 
but without any yellow bands around them. 


A closely related strain of cucumber mosaic virus isolated from 
alfalfa leaves produced a milder mottling on pepper and less_ringspot- 
ing on older leaves. The strain was isolated from_mottled alfalfa leaves 


received from Idaho. 


2. Southern celery mosaic strain of cucumber mosaic virus.—In 
1931 Doolittle showed that a virus attacking celery occurred naturally 
on Commelina nudiflora also. This virus experimentally infected pepper 
plants causing symptoms resembling those produced by cucumber 
mosaic virus. This, virus was studied by Wellman (1934, 1934 A, 1935, 
1935 A) under the name of Southern celery mosaic virus. He consi- 
dered the virus to be new and called it Celery Virus |. This virus was 
shown by Price (1935) to be a strain of cucumber mosaic virus on the 
basis of immunological studies on Zinnia and symptom picture on 
Zea mays, Commelina communis and Vigna sinensis. 


This strain of cucumber mosaic virus is stated to occur naturally 
on Capsicum annuum in Cuba and Florida (Wellman, 1934 A). Pepper 
plants infected in the field generally appeared stunted. Leaves were 

9° 
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small and distorted but without filiformity, but with grayish dull colour 
markings. The plants appeared starved and blossoms dropped. If 
fruits had set before infection they became malformed. Leaves had a 
mild mottle coupled with a finely moire pattern. 


Small seedlings of Tabasco pepper developed black primary lesions 
on leaves inoculated with the virus, in about 3-8 days. The infection 
became systemic, becoming noticeable asa twisting and crook-neck of 
the tender tip region. After a few days the crook straightened out. 
The plants remained alive but severely stunted with marked mottling 
symptoms on the systemically infected leaves. On the seedlings of 
the variety California Wonder light brown streaks appeared causing 
a severe dropping of leaves and death of seedlings. Many plants also 
had crook-neck symptoms. Very often flowers dropped or did not 
set fruit. 


3. Southern cucumber mosaic virus, pepper calico virus and pepper 
oakleaf virus——Simons (1957) described the above three viruses as 
affecting bell pepper in the Everglades area of South Florida. He showed 
that the three viruses were immunologically related and were probably 
strains of cucumber mosaic virus. The southern cucumber mosaic 
virus was the commonest and caused the most severe symptoms on 
pepper, while the other two were of sporadic occurrence. On pepper, 
southern cucumber mosaic virus caused vein clearing, local chlorosis, 
severe stunting and redspider like injury. The oakleaf virus caused 
vein clearing and necrotic oakleafing on senescent leaves while the 
calico virus caused a vein. clearing, local chlorosis and calico mottle. 
Simons measured the titre of active southern cucumber mosaic virus 
in}pepper using the single aphid feed method. The titre rose to a maxi- 
mum in two weeks after inoculation and then fell sharply. 


A ‘yellow strain’ of cucumber mosaic virus from gladiolus is 
ibs to have been transferred to California Wonder pepper by Berkeley 


Transmission of cucumber mosaic virus and its strains and epidemiology. 


Doolittle and Walker (1923) reported the mechanical inoculation of 
pepper plants with the cucumber mosaic virus. They also found 
(Doolittle and Walker, 1925) that the cucumber aphid readily trans- 
mitted the virus to peppers in the field. There was no evidence of seed 
transmission. Kovachevsky (1940), however, could not obtain mecha- 
nical transmission, but the aphid Myzus persicae readily transmitted 
the disease. It is believed that in Bulgaria the disease is transmitted 
in the field by the vectors Myzus persicae and Doralis frangulae 
(= Aphis gossypii). D’ Oliveira (1940) also reported that the disease rapidly 


spread in the field in Portugal by means of insects. He did not find 
any seed transmission. 


The ringspot strain of cucumber mosaic virus was mechanically 
transmissible (Doolittle and Zaumeyer, 1953). It is not known how 
this virus spread in the field. 
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A study of the spread of the southern celery mosaic virus on squash, 
pepper and celery was carried out by Wellman (1935 A). Commelina 
nudiflora growing on the edge of the vegetable field was the principal 
weed host and Myzus persicae, the important vector. The disease 
appeared initially on the edge of the pepper field near an infected weed 
patch. After introduction into the field the disease spread inwardly 
but did not necessarily extend to make a fan-shaped pattern, nor was 
there a frontier border of spread progressing in an unbroken line as a 
wave would spread. Dissemination was evident as a successive develop- 
ment of small scattered areas which upon expansion coalesced and in 
turn resulted in further infection and widely dispersed centres of disease. 
This continued until the whole field was infected. 


The three strains of cucumber mosaic virus reported by Simons 
(1957) were transmitted by Aphis gossypii and Myzus persicae and were 
non-persistent in these’ vectors. Simons (1955) also found that the 
southern cucumber mosaic virus was transmitted in descending order 
of efficiency by the three vectors Aphis gossypii, Myzus persicae and 
Aphis rumicis. 


Physical properties of cucumber mosaic virus and its strains reported on 
pepper 


No information is available on the physical properties of the typical 
strain of cucumber mosaic virus causing the mosaic or “‘rosette’’ disease 
of pepper. The ringspot strain reported by Doolittle and Zaumeyer 
(1952) had a thermal inactivation point of 70-72°C. and a dilution end 
point of 1: 10,000. The virus remained active in vitro for four days 
at 18°C. The southern celery mosaic strain (Wellman, 1935 A) had 
a thermal inactivation point of 75°C. and a dilution end point of 
1: 10,000. It was active in vitro for 6-8 days at room temperature. 
The southern cucumber mosaic strain, pepper calico strain and the 
pepper oakleaf strain (Simons, 1957) had a thermal inactivation point 
of 65-70° C. and a dilution end point of between 1: 10,000 and 1 : 20,000. 


Reaction of pepper varieties and control of the diseases 


Kovachevsky (1940) observed that the typical symptoms of the 
‘rosette’ disease were observed on the pepper varietal group known 
as “‘Scipki” (with small, pointed fruits). In other (unspecified) varieties 
the crowding of branches and leaves and the abnormal development 
of leaves were not so pronounced. Doolittle and Zaumeyer (1953) 
used the varieties California Wonder and World Beater in their studies 
on the ring spot disease. They observed that both the varieties res- 
ponded similarly to the virus except that the latter variety showed less 
fruit-spotting. The southern celery mosaic virus has been observed 
only on the California Wonder variety of pepper (Wellman, 1935 A). 
In a recent study Cook and Anderson (1959) have reported that a strain 
of Capsicum annuum, p. 11, which showed resistance to tobacco mosaic 
virus, tobacco etch virus and potato virus Y, was completely susceptible 
to cucumber mosaic virus. 
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No variety of pepper has been reported to be resistant to the 
cucumber mosaic virus. 


No experimental evidence regarding the efficacy of insecticidal 
sprays for the control of diseases caused by cucumber mosaic virus Is 
available; but Beattie et al. (1944) suggest that the application of 
nicotine sulphate as sprays or dusts to the crop would be helpful. They 
also recommend clean cultivation, eradication of weeds like Commelina 
harbouring the cucumber virus, and growing of peppers away from 
such crops as celery or cucumber. 


2. Tobacco mosaic virus (Marmor tabaci Holmes) 


Pepper has been a favourite plant with virologists for transmission 
studies with tobacco mosaic virus. As early as 1923 Palm reported 
the transmission of this virus to Capsicum annuum and C. frutescens 
in Indonesia. Palm and Jochems (1924) reported the natural occurrence 
of this virus on pepper plants in the same country. Johnson (1926) 
reported the artificial infection of pepper plants with, among others, 
tobacco mosaic virus and “mild tobacco mosaic virus”. Tobacco 
mosaic virus produced striking lesions on the stems of young plants 
when applied to them with slight wounding. Numerous other reports 
on the transmission of this virus to pepper and the resulting sympto- 
matology are available (Purdy, 1929; Ainsworth, 1933; Holmes, 
1932, 1934 A, 1937 A; Ryjkoff and Karatschtvsky, 1934). 


Natural occurrence of tobacco mosaic virus and its strains on 
pepper plants and the resulting diseases have been described from many 
countries (U.S.A.: Anderson, 1957; Kendrick et al., 1951; Anderson 
and Corbett, 1957; Poland: Panjam and Prpic, 1955; South America: 
Zabala and Delle Costa, 1947; New Zealand: Brien, 1942 ; Chamberlain, 
1947; Trinidad: Dale, 1943; Spain: Anon, 1942; Portugal: D’Oliveira 
Nf Ceylon: Newton, 1953; Peiris, 1953; Bulgaria: Kovachevsky. 
1942). ; 


Symptoms caused by tobacco mosaic virus on pepper plants are 
well described by Kovachevsky (1942) from Bulgaria. The disease 
causes acute as well as chronic symptoms. In the acute phase a cesas- 
tion of growth takes place 6-7 days after infection. The leaves turn 
yellow along the veins, sometimes become necrotic and fall off. Stems 
may also become necrotic so that young plants may be destroyed. If 
the plants survive the acute phase they begin to grow, though some- 
what slowly. The leaves appear bleached and dull with a faint mosaic 
pattern. Often the green strain of the virus causes a clearer mosaic 
pattern. The disease is then easily noticed but its total effect is milder 
and acute damage is not done. Holmes (1937) observed four kinds 
of symptoms on various varieties of pepper infected with tobacco mosaic 
virus. These were (1) systemic chlorosis, (2) local lesions on leaves 
and their consequent shedding, (3) a delayed necrosis combined with 
a systemic disease and (4) systemic necrosis with stem streaking which 
under certain conditions results in the death of the plant. 
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.~ Woods and Eck (1948) described three types of nuclear inclusions 
in California Wonder pepper plants infected with tobacco mosaic virus. 
These were (1) crystalline proteinaceous inclusions in the cytoplasm, 
(2) loosely aggregated amorphous proteinaceous precipitates in the 
cytoplasm and (3) the X body type of inclusions closely resembling 
the foregoing. The crystalline inclusions were unstable going into 
solution on mechanical injury to the cell whereas the amorphous pre- 
cipitates resisted such treatment. 


A ‘mottle leaf’ disease of peppeis in Ceylon is reported to be caused 
by the tobacco mosaic virus (Newton, 1953). a 


Strains of tobacco mosaic virus on pepper 


|. “ Ring strain” of tobacco mosaic virus—Nakata and Takimoto 
(1940) reported a “‘ring”’ strain of tobacco mosaic virus on peppers in 
Japan. This virus caused large, bright yellow mottling on the leaves. 
The strain had a dilution end point of |: 1,000,000 and a thermal inacti- 
vation point of 90°C. 


2. .Marmor tabaci Holmes yar. siccans Doolittle and Beecher.— 
This strain of virus which caused a necrosis and shrivelling of tomato 
leaves was reported by Doolittle and Beecher (1942). It passed on 
to pepper on which it caused symptoms similar to those caused by 
tobacco mosaic virus. The virus had a dilution end point exceeding 
1: 1,000,000 and a thermal inactivation point between 90 and 95°C. On 
dried leaves the virus remained active for seven years and in vitro for 
three years at 21-27°C. 


3. Tobacco paramosaic virus.—A disease of tobacco called “ para- 
mosaic’’ was described by Kohler and Panjan (1943). The viius of 
this disease caused local necrosis in White Burley tobacco and other 
varieties but did not become systemic in them. It had, however, closely 
similar physical properties to tobacco mosaic virus. This virus strain 
was sap-transmissible to pepper. | 


4, Tomato atypical mosaic virus.—In 1958 Miller and Thornberry 
described a disease of tomato and pepper caused by a virus strain which 
they called tomato atypical mosaic virus. The virus was serologically . 
related to tobacco mosaic virus, but there was no _ cross-protection. 
The virus showed rod-shaped particles under the electron microscope 
measuring 30015 mp. It had a dilution end point of 10-* similar 
to tobacco mosaic viius but was inactivated by exposure to 72°C., 
in contrast to TMV which had a thermal inactivation point at 85°C. 
This virus and TMV were inactivated completely at pH 11, markedly 
at pH 10-5 and slightly at pH 10. When tissues containing the virus 
were frozen at — 20°C. the virus survived up to 33%, while in crude 
juice the survival was only 24%. Tobacco mosaic virus on the other had 
survived up to 90% in crude juice frozen to — 20°C. The virus was 
unstable at 4°C. while TMV was relatively stable. 


On pepper the atypical mosaic virus was difficult to recognise with 
assurance, The leaves when infected were pale green with only a slight 
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interveinal chlorosis and without necrosis. The fiuits appeared to be 
incompletely expanded but had no other noticeable characteristics. The 
stems, blossoms and roots had no symptoms. The general vigour of 
the plants were slightly reduced. 


5. Tomato streak virus.—This strain of TMY infects pepper 
plants and causes a mottling and slight stunting similar to those pro- 
duced by TMV (Ainsworth, 1933; Chamberlain, 1947). 


6. Strains of TMV on peppers in S. America.—Diseases of peppers 
caused by strains of TMV are widespread in Argentina where six such 
strains were isolated by Zabala and Delle Costa (1947). These strains 
were from Ullum, Godoy Cruz, Argerich, Alto de Sierra and Resistencia. 
The first four strains remained active after exposure to a temperature 
of 80° C. for 10 minutes while the last two were inactivated by this treat- 
ment. The strains differed in symptoms produced on Samsun tobacco 
and Marglobe variety of tomato. Hot chilli varieties Ruby King and 
Large Bell developed mosaic patterns when inoculated with all the 
strains except Argerich. The strain Resistencia caused some defolia- 
tion. 


7. Seed-borne strain of TMV.—McKinney (1952) isolated two 
strains of TMV from peppers in Beltsville, Maryland, U.S.A. One 
of these resembled the tobacco mild mosaic 2 of Johnson but did not 
cause systemic symptoms on tomato. It caused mild symptoms on 
Samsun tobacco. When this mild strain was inoculated on pepper 
variety ‘South Carolina 46252’ only local necrotic lesions developed 
over a range of temperatures of 68-92° F. This strain had a dilution 
end point of 10-* and a thermal inactivation point of 88-89° C., for 10 
minutes. The virus was highly active for 27 months in dried Samsun 
tobacco leaves. Another strain of TMV was isolated by the same author 
from a pungent pepper plant from South Carolina. This strain was 
latent in Samsun tobacco but induced strong, light green mosaic 
mottling on the tobacco etch-immune pepper variety SC. 46252. Tests 
revealed that this latent strain was carried through seed in the etch- 
immune pepper variety; 21-6% of the seeds gave diseased plants. 
This seed-borne virus strain bad a dilution end point of 10-8 anda thermal 
inactivation point between 85 and 89° C. for 10 minutes. The virus was 
highly active in dried Samsun tobacco leaves for 18 months. 


Anderson and Corbett (1957) conducted a survey of virus diseases 
of peppers in Central Florida. They found that in this area TMV 
caused such diseases as ‘yellow pod’ and ‘Ring mottle’. ; 


Newton (1953) and Peiris (1903) reported that a virus disease of 
pepper called ‘mottle leaf’ in Ceylon is caused by tobacco mosaic virus. 
This disease caused a diffuse, irregularly scattered mottle of leaves and 
slight stunting of plants. 


A disease of peppers in Spain called ‘Blanqueta’ (blanching) was 
found to be caused by a combined infection by tobacco mosaic virus 
and tobacco leaf-curl virus (Anon, 1942), 
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Reaction of pepper varieties to tobacco mosaic virus and control of the 
diseases caused 


Reaction of several varieties of pepper to TMV and the pattern 
of inheritance has been studied by Holmes (1934, 1937). Majority 
of garden pepper varieties (Capsicum frutescens) tested responded to 
the typical TMV strain by mottling. Yellowish primary lesions deve- 
loped three days after inoculation followed by chlorosis of young leaves 
and a prolonged period of reduced growth. Sometimes partial defolia- 
tion occurred and yield was reduced. A few varieties—C. frutescens 
var. Tabasco and var. minimum (C. minimum Blanco)—responded with 
localised necrosis without systemic mottling. These varieties were 
immune from the serious systemic effects of TMV infection. Many 
small necrotic lesions developed on the second or third day after inocu- 
lation. Affected leaves dropped off between second and fifth day after 
inoculation. Leaves with many lesions abcissed earlier than those 
with fewer lesions. The plants became free of virus as soon as the 
inoculated leaves dropped off. 


When necrotic type and mottling type plants were crossed it was 
observed that the ability to localise virus (necrotic response) was in- 
herited as a simple Mendelian dominant character. 


In further experiments Holmes (1937) found that the varieties 
Long Red Cayenne and Sunnybrook Cheese when inoculated with TMV 
responded with a few relatively inconspicuous isolated yellowish lesions, 
which generally became wholly or partly necrotic. These lesions 
occurred on young leaves at the top of the plant where the virus had 
established itself in measureable concentration. These semi-necrotic 
local lesions were called delayed necrosis or imperfectly localised res- 
ponse. When a Long Red Cayenne plant was crossed with a plant of 
mottling type stock the F, hybrids showed large primary local lesions 
which were followed in most plants by severe systemic necrosis. Most 
of the F, plants died within a few days. This fatal systemic necrosis 
differed from both parental responses. Backcrossing experiments 
showed that a single partially dominant gene derived from the Long 
Red Cayenne pepper and not present in the mottling type parent deter- 
mined the systemic necrosis in the F, plants. Further experiments 
showed that the factor for this incomplete jocalisation was recessive 
to the factor for complete localisation (L) found in the mosaic resistant 
varieties referred to earlier. The gene for incomplete type localisation 
of virus was designated 1’ and for mottling type response 1. The 
gene 1’ was found in pepper varieties Sunnybrook, Anaheim chilli, 
Magnum dulce, Red cluster, Ruby King, Sweet Meat Glory, and Sweet 
Mountain. 


In his studies at the University of Missouri Lutes (1954) observed 
four types of reaction in a series of pepper varieties to TMV. These 
were (1) Local infection resulting in small chiorotic lesions near in- 
fection site followed by necrosis and falling off of infected leaves 
without systemic spread. (2) Systemic infection of leaves and fruit 
with chlorotic lesions followed by mottling, (3) Systemic infection 
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of chlorotic type accompanied by small necrotic lesions on the main 
stem and (4) systemic infection with dark, necrotic lesions on the main 
stem. Normal growth and fruit yield were reduced in the case of 
systemic infection. Cook and Anderson (1959) reported a strain of 
Capsicum annuum P. 11 resistant to TMV. 


A single California Wonder pepper plant was found uninfected 
in a heavily infected field in S.W. Missouri. The F, progeny from 
crosses with this plant as one of the parents gave a phenotypic infection 
ratio of three plants with local necrosis to one with systemic necrosiss. 
Of 100 hybrids and backcrosses carried through the F, generation two 
selections were found promising, their progeny being completely resis- 
tant to systemic infection and superior to California Wonder variety. 


The reaction of several pepper varieties to the tomato atypical 
mosaic virus was studied by Miller and Thornberry (1958). These are 
tabulated below. Anaheim chilli: necrotic local lesions; Banana: 
mottling and stem necrotic lesions; Cayenne Long Pod: necrotic local 
lesions; California Wonder: mottling and stem necrotic lesions; Golden 
California Wonder: mottling and stem necrotic lesions; Harris Early 
Giant: mottling: J/linois F;,-,: necrotic local lesions, mottling; Large 
Bell: necrotic local lesions, mottling; Mango: necrotic local lesions, 
stem necrotic lesions; Patrick Henry: necrotic local lesions, mottling; 
Pimiento-perfection: necrotic local lesions, mottling, stem necrotic 
lesions; Red Chilli: mottling; Ruby Giant: necrotic local lesions, 
mottling, stem necrotic lesions; Ruby King: necrotic local lesions, 
stem necrotic lestions; World Beater: no symptoms. 


Control.—Growing of resistant varieties is the only control measure 
recommended for the diseases caused by tobacco mosaic virus and its 
strains. 


3. Tobacco etch virus (Marmor erodens Holmes) 


_ Tobacco etch virus has in recent years been reported to cause a 
serious disease of pepper in Georgia and Alabama (Greenleaf, 1953, 
1956) and in Central Florida (Anderson and Corbett, 1957) of the U.S.A. 
The disease is called ‘vein-banding crinkle’ in Central Florida and is 
said to be the most widespread disease of pepper in that state (Anderson 
and Corbett, 1957). The disease has also been reported from Ontario, 
Canada (McKeen, 1953, 1954), 


In Alabama several Tabasco variety pepper plants wilted in the 
field because of the disease (Greenleaf, 1953). The first visible symptom 
following infection of Tabasco pepper plants was a faint yellow flecking 
on the young shoot leaves and vein clearing. These symptoms appeared 
in 4-21 days after inoculation and were followed or accompanied by 
wilting of the plants within a few days. The time of onset of symtoms 
varied greatly depending on the concentration of TEV in the inoculum. 
With a concentrated inoculum 100% of the plants wilted within 6-10 
days. Wilting was usually followed by death but occasionally a few 
of the young plants about eight. weeks from seed showed partial 
recovery. Such seedlings became severely defoliated but maintained an 
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apical tuft of leaves, eventually producing some new shoot growth and 
a few fruits on some of the plants. But these plants remained severely 
stunted. Larger, older plants always died from the disease. Wilted 
Tabasco pepper plants showed rapid recovery when their stems were 
severed and placed in water. When the roots of wilted seedlings were 
severed at soil level, the cut end treated with ‘“‘rootone” and placed 
in a coarse sand-rooting medium they produced only a few roots in a 
four-month peciod. 


Many additional symptoms on pepper produced by TEV have 
been described by McKeen (1954). Three or four days after inocu- 
lation chlorotic spots appeared on the inoculated leaves. These leaves 
later became rugose. The first evidence of a systemic invasion by the 
virus was a prominent vein clearing of the youngest leaves six to eight 
days after inoculation. The leaves became mildly chlorotic and showed 
prominent to moderate cupping. Two or three weeks after inoculation 
the young leaves showed prominent broad, dark green bands along the 
veins. These bands were more conspicuous at the base of the lamina 
than near the tip. Sometimes there was a laminal narrowing and 
marginal waviness. Much flagging of older leaves on infected plants 
was noticed. There was severe root necrosis in younger plants and 
consequently excessive wilting of the plants on hot sunny days. Infected 
plants were sometimes markedly stunted and bushy in growth. Some- 
times main branches had elongated, reddish-brown lesions about 2 mm. 
wide. On plants that were bearing fruit at the time of inoculation 
characteristic fruit symptoms consisting of ring and line patterns deve- 
loped. On green fruits chlorotic shrivelled areas were found more on 
the side exposed to bright sun. Concentric ringspots in the affected 
areas were usually slightly elevated. On ripe or ripening fruits various 
green, orange or brownish colours were found. On some plants with 
longstanding infection dwaifed or misshapen fruits developed. 


Several strains of TEV were present in Ontario. All strains pro- 
duced crystalline intranuclear inclusions, I-15 to a cell. In addition, 
granular amorphous crystals lying close to the nucleus were also found. 


Transmission.—The virus was easily sap-transmissible. In Ontario 
Myzus persica is believed to be the principal field vector (McKeen, 
1954). 


Reaction of pepper varieties to tobacco etch virus. 


In Alabama Greenleaf (1953) found that two varieties of Capsicum 
pendulum Willd., P.1. 152234 (orange coloured fiuits) and P.I. 152235 
(red-coloured fruits), pepper varieties P.I. 1522 7,6 anid BPA I52221 
from Peru and the commercial variety Serrano were toleiant to the 
virus. The pepper varieties P.I. 152222 from Peru and P.I. 152453 
from Brazil, Santanaka, Red Chilli, Mexican Chilli and Burlington were 
more severely affected. Capsicum microcarpon Cay. from Argentina 
was also severely affected. 


McKeen (1954) in Ontario classified the pepper varieties he studied 
as mild symptom varieties and severe symptom varieties. The former 
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were Peru Wonder, Vinedale, and Hungarian Wax and the latter Cali- 
fornia Wonder, Oakview Wonder, Golden California Wonder, Burpee’s 
Sunnybrook (pimiento) and Sweet Hungarian (Yellow Banana). He 
also found that the late maturing varieties showed pronounced wilting 
and stunting. Green fruits on the early sweet varieties showed promi- 
nent ring patterns on one side of the fruit. 


Greenleaf (1956) has studied the inheritance of reaction to TEV 
in Capsicum annuum and C. frutescens. Resistance in C. annuum var. 
cayenne (South Carolina No. 46252) and C. frutescens, P.1. 152225 
from Peru was inherited non-factorially and was determined by recessive 
genes. The genes for resistance in the two species of Capsicum were 
assigned the symbols er’ and et’, the superscripts denoting their res- 
pective species origin. It is not known whether these genes were alleles. 
In C. annuum (S.C. 46252) some apparently immune plants were found 
and it is probable that these plants contain one or more modifying 
genes which raise the resistance to this level. 


Cook and Anderson (1959) found that a variety of C. annuum 
designated P.11 was tolerant to five strains of TEV but resistance to 
two others was less evident. 


4. Alfalfa mosaic virus (Marmor medicaginis Holmes) 


Alfalfa mosaic virus affects peppers in Germany and Italy (Quantz, 
1956). Young infected pepper plants (C. annuum var. Hoffman’s Aurora 
and Long Red Cayenne) developed curled leaves with a mosaic of bright 
yellow green streaks and fiecks. Plants infected when young remained 
stunted and leaf deformation was considerable. 


The ‘variegation’ disease (Buntblattigkeit) of peppers in Bulgaria 
is caused by the alfalfa mosaic virus. The disease is characterised by 
large conspicuous white or yellow flecks on the leaves (Kovachevsky, 
1942). In many cases, especially in artificial. infections, the entire leaf- 
blade or part of it is coloured pale or bright yellow. Leaves are some- 
times malformed and fruits may be distorted. Mechanical transmission 
as well as transmission by the vector Myzus persicae were successfully 
carried out by Kovachevsky (1942). The loss in yield by this disease 
is reported to be less than that caused by cucumber mosaic virus and 
tobacco mosaic virus. 


Strains of alfalfa mosaic virus 


1. Potato calico virus (Marmor medicaginis Holmes yar. solani 
Holmes).—Attificial transfer of potato calico virus to pepper was 
reported from California (Anon, 1933; Porter, 1935). The latter in- 
fected the pepper variety Ruby King. Death of the entire plant resulted 
from the infection. Oswald (1950) also reported successful infection 
of California Wonder peppers by this virus and by another strain of 
alfalfa mosaic virus causing tuber necrosis in potato. Both viruses 
infected pepper systemically, the symptoms being indistinguishable. 
Both caused local reddish necrotic lesions on the rubbed leaves in 7-10 
days after inoculation, Secondary symptoms were chlorosis of the 
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upper halves of the leaves and dark green vein-banding. The veins were 
rough and warty. The tuber necrosis strain had a thermal inactivation 
point of 53-55°C. and was active in vitro for 72-96 hours at 16°C 


2. Marmor medicaginis Holmes var. Capsici Berkeley—In Brant 
and Lincoln counties of Ontario, Canada, Berkeley (1947, 1947 A) 
observed an unusual mosaic of pepper (California Wonder variety). 
The disease was characterised by mottling, chlorotic ringspots and 
line patterns on both leaves and fruits. Extensive host-range studies 
revealed that the virus involved was a strain of alfalfa mosaic virus. 
The typical strain of alfalfa mosaic virus and the potato calico strain 
also gave symptoms of the same general pattern on pepper. The 
pepper strain had a thermal inactivation point of 63-64°C. Certain 
differences in host reaction, however, indicated that the pepper strain 
was different and was therefore considered new and designated M. medj- 
caginis var. capsici. 


The ‘Buntblattigkeit’ or variegation disease of pepper in Yugoslavia 
is reported by Sutic (1959) to be caused by the above strain of alfalfa 
mosaic virus. The disease was found to be seed-borne in Yugoslavia 
to a small extent (1-5%, average 2%). 


3. Marmor medicaginis Holmes var. Ladino Kreitlow and Price.— 
Kreitlow and Price (1949) described a disease of ladino clover caused 
by a strain of alfalfa mosaic virus. They considered this strain to be 
new. The virus passed on to pepper causing systemic mottling, dis- 
tortion and chlorosis in the tissues affected. The virus strain had a 
thermal inactivation point of 62-63°C. and a dilution end point of 
1: 100. The virus was active in vitro for 48 hours at 18-20°C. and 
for 60 minutes at 28°C. 


5. Pepper vein-banding mosaic virus, Simons 


A disease of California Wonder peppers caused by this virus has 
been described by Simons (1956) from the Everglades area of Florida. 
The disease caused an yield loss of up to 50%. Leaves of diseased plants 
were somewhat chlorotic and showed a marked vein-banding. Infected 
fruits were roughened and displayed chlorotic spots and/or stripes. 
Initial symptoms appeared 7-10 days after inoculation and the vein- 
banding was visible in three weeks. Shaded pepper plants developed 
more severe symptoms than those in bright sunlight. While pepper 
varieties California Wonder and Yolo Wonder developed vein-clearing, 
severe mottle, vein-banding and leaf distortion, the varieties Tabasco 
and Longum did not show vein-banding but had vein-clearing, severe 
mottle or mild mottle. 


The virus had a thermal inactivation point of 60-65° C. and a dilu- 
tion end point of 1: 20,000. It was active in vitro for 10-15 days at 25° C. 


The virus was sap-transmissible and also by the vectors Myzus 
persice and Aphis gossypii. It was non-persistent in both these vectors. 
Aphis rumicis did not transmit the virus. Myzus persicae was able to 
acquire the virus in a feeding time of 5 seconds or less. Percentage 
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transmission increased with increase of feeding time up to 5 minutes, 
Longer periods of feeding increased transmission only slightly. While 
a two minutes starvation period following acquisition feeding caused 
a noticeable drop in infectivity, one-hour periods caused almost complete 
loss of infectivity. 


Simons (1957) tested the effect of insecticides and physical 
barriers on field spread of vein-banding virus on pepper. Nightshade 
(Solanum gracile) was the primary source of the virus in the field. It 
was observed that a distance of 150 feet between plants could effectively 
limit the spread of the virus. The use of parathion and demeton as 
aphicides on pepper had no effect in limiting the spread of the disease. 
Parathion used on the host, however, significantly reduced virus 
spread. 


The effect of placing a vertical physical barrier between the source 
of inoculum and the crop was investigated to a limited extent. Use of 
sunflower as a barrier plant resulted in a significant decrease in virus 
spread. Demeton sprays on the sunflower barrier at three-week inter- 
vals did not significantly increase the efficiency of the barrier. 


6. Potato virus Y [Marmor upsilon (Holmes) Holmes] 


Potato virus Y has been reported to occur naturally on peppers 
in Florida (Anderson, 1956; Anderson and Corbett, 1957; Simons, 
1959), Hawaii (Sakimura, 1953) and in Bulgaria (Kovachevsky, 1942). 
In Florida it causes a vein-banding disease of pepper resulting in con- 
siderable loss. The widespread occurrence of this disease in Florida 
has been traced to the recent introduction of potato cultivation (Simons, 
1959). The virus overwinters on weed hosts like Solanum gracile and 
is spread by the aphid Myzus persicae. In Bulgaria the disease caused 
by this virus is characterised by vein clearing and mosaic flecking of 
leaves. In spite of the widespread occurrence of this virus on potatoes 
in Bulgaria it is said to be rare on pepper (Kovachevsky, 1942). 


David and Stormer (1941) showed that Capsicum annuum plants 
were good test plants for potato virus Y. On inoculated plants the 
symptoms started as indefinite flecks oa the leaves and a slight swelling 
of the nerves on the larger young leaves. Soon a finely divided inter- 
costal flecking developed till the entire leaf had a dark green mottle. 
Somewhat older leaves had a waviness of their margins. Cuiling and 
deformation of leaves were not observed. In older plants the chloro- 
phyll of the leaves between the veins was completely destroyed. There 
were completely white zones and small green areas near the veins. 


Bohme (1933) reported transmitting a strain of potato virus Y to 
three strains of pepper. 


Cook and Anderson (1959) reported a strain of Capsicum annuum 
designated P. 11 as showing multiple virus resistance to tobacco mosaic 
virus, tobacco etch virus and potato virus Y. Plants inoculated with 
five strains of potato virus Y failed to show any symptoms even after 
five months, They found that the virus could move through the stems 
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of P. 11 plants but could not multiply within them. In a later communi- 
cation Cook and Anderson (1960) reported that the variety S.C. 46252 
was also resistant to this virus while the varieties California Wonder, 
Florida Giant, Improved World Beater and Yolo Wonder were susceptible. 
Resistance to potato virus Y in both resistant varieties was found to 
be inherited as a single recessive factor denoted by the symbol Ue 
Both the varieties were homozygous for the recessive allele while the 
Bec Puts varieties listed above were homozygous for the dominant 
allele +Y7: 


7. Cranberry false-blossom virus (Chlorogenus vaccinii Holmes) 


Syn. Chlorogenus australiensis (Holmes) Holmes, Stolbur 
virus, tomoto big bud virus 


This virus is reported to occur naturally on pepper in Austria 
(Wenzel, 1956) and Russia (Sukhov and Voik, 1946, 1947; Feiginsan, 
1936). In Russia it is reported to cause mass wilting of pepper plants 
(Sukhov and Voik, 1957) and to cause considerable loss in the Crimea, 
Moldavian S.S.R., Azoff-Blacksea littoral, Armenia, Stalingrad and 
the Saratoff Volga basin (Feiginsan, 1936). The virus is also reported 
to infect pepper in Czechoslovakia (Blattny et a/., 1954), 


Note :—Smith (1957) considers the stolbur virus and the tomato 
: big bud virus as synonyms of the cranberry false-blossom 
virus. 


8. Tomato spotted wilt virus (Lethum australiense Holmes) 


Artificial transmission of this virus to pepper has been reported 
by Smith (1932, 1936) and Van Schreven (1935). The latter observed 
that pepper plants stopped growth three weeks after inoculation with 
this virus. 


The virus has been reported to occur naturally on peppers in Mexico 
(Ploper, 1948), U.S.A. (Chupp, 1937; Gardner and Whipple, 1934; 
Gardner, Tompkins and Thomas, 1937; Pirone, 1935; Kendrick et al., 
1951). The disease caused by this virus was considered serious by 
Gardner and Whipple (1934) and to cause moderate to heavy losses 
(Kendrick et al., 1951). Pirone (1935) reported that pepper plants 
affected by this virus developed large ringspots on fruits and leaves 
especially on the California Wonder variety. The ringspots on pepper 
strongly resembled those produced on tomato by the same virus. Needle 
prick inoculations on pepper plants produced marked dwarfing together 
with considerable mottling and slight deformation of the leaves. Chupp 
(1936) reported that in California there was a 100% infection by this 
virus in 1936. However, in 1937 when the weather was unusually wet 
and warm in August there was no incidence of the disease. 


A disease of peppers caused by this virus is called ‘peste blanca’ 
(White pest) in Mexico (Ploper, 1948). It is spread by the thrips 
Frankliniella paucispinosa. : 
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9. Beet curly-top virus (Ruga verrucosans Carsner and Bennett) 


Severin (1929) observed natural infection of peppers by this virus 
in various localities in California. Four varieties, Anaheim Chilli, 
Paprika, Pimiento and Mexican Chilli were found naturally infected. 
In the Sacramento valley up to 79% infection was noticed in a Pimiento 
pepper field. The plants were stunted with thick leathery leaves. 
Severin (1929) infected the following varieties of pepper artificially: 
Anaheim Chilli, California Wonder, Chinese Giant, Large Bell or Bull 
Nose, Long Red Cayenne, Mexican Chilli, Pimiento, Red Chilli, Royal 
King, Ruby King, Sweet Mountain, Sweet Upright, and Tabasco. The 
symptoms of infection were an inward curling of young leaves and a 
outward cupping of the somewhat older leaves. The veinlets became 
transparent in the youngest leaves. Minute swellings developed cn 
the network of cleared veins. Transparent veins were not observed 
in naturally infected plants. 


Dana (1934) has reported an yield loss of 10-25% in peppers due 
to this virus in the Pacific Northwest of the U.S.A. A loss of 50-60% 
has been reported from New Mexico (Leyendecker, 1950) and 45-40% 
in Arizona (Anon, 1951). 


The potato curly top virus (a strain of beet curly top virus) has 
been transmitted to peppers by grafting (Menzies and Giddings, 1953). 


10. Tobacco leaf-curl virus (Ruga tabaci Holmes) 


A disease of peppers in Spain called ‘Blanqueta’ (blanching) is 
reported to be caused, probably, by a combined infection of tobacco 
leaf-curl virus and tobacco mosaic virus (Sardina, 1940). The symp- 
toms of the disease are mottling and crinkling of the small and medium- 
sized leaves and a chlorotic leaf mottle. On larger leaves crinkling was 
less noticeable. The skin of the affected fruits had a granular texture 
with striations and slight creasing. The disease was transmitted by 
Myzus persicae and also by mechanical means. This makes it doubtful 
whether the viruses involved have been correctly identified as tobacco 
leaf-curl is generally transmitted by whiteflies and tobacco mosaic 
virus has no insect vectors at all. 


A disease of peppers called ‘vein-clearing’ in Ceylon is reported 
by Peiris (1957) to be caused by the ‘Transparent Kroepoek’ strain 
of tobacco leaf-curl virus. This disease was transmitted by the whitefly 
Bemesia inconspicua, the incubation period inside the vector being 
8 days. The tender leaves near the growing point showed the first 
symptoms of infection. The areas immediately bordering the veins 
showed yellowish tinges against the light green of the interveinal regions. 
As the leaf hardened it became boat-shaped, the leaf margins curling 
upwards and the yellowing along the veins becoming more distinct. 
The later formed internodes were shortened. By the 18th day the 
leaf symptoms of vein-clearing became clearly marked. 


_ Peiris (1953) tested the reaction of five varieties of pepper against 
this disease. The varieties Tokiyam Pololy, Neelam Suthumalay, 
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Local Myliddy, Black Mathakal and Local T. innevelly were found to 
be susceptible. 


Insecticidal sprayings against the vector did not control the spread 
of the disease. 


A leaf-curl of pepper in India is mentioned by Husain (1932) and 
Vasudeva (1954). It is not clear, however, whether this disease is the 
same as that occurring in Ceylon. 


11. Aster ringspot virus (Annulus wellmanii Anderson) 


This virus was described by Anderson (1945) from Florida, U.S.A. 
The virus was naturally present in peppers and in China Aster (Calli- 
stephus chinensis). The disease on peppers (C. frutescens) was observed 
in the Sanford-Samsula and Tampa areas of Central Florida. The 
disease was characterised by chlorotic ring, line and oakleaf patterns 
on the leaves. Affected plants were not noticeably stunted and bore 
normal fruit. Chlorotic patterns were brilliant often consisting of 
chlorotic rings. Systemic necrotic patterns also sometimes developed. 
Pepper leaves did not outgrow the symptoms. Aphis gossypii and 
Myzus persicae did not transmit the virus but sap inoculations were 
successful. The virus was inactivated at 75-80°C. 


A disease of peppers described by Swank (1952) from the same area 
in Florida is apparently caused by the Aster ringspot virus. The 
symptomatology is the same; however, Swank observed that in some 
affected fields plants were stunted and did not set fruit. 


12. Trinidad Chilli (pepper) mosaic virus, Ferguson 


Ferguson (1951) has described a mosaic disease of peppers from 
Trinidad which has symptoms quite distinct from those caused by 
tobacco mosaic virus on peppers in that country. Symptoms of this 
disease appear 8-12 days after inoculation and consist of vein-clearing 
of the expanded foliage followed by mottling. On later-formed leaves 
irregular and discontinuous vein bandings appear with dark and light 
green mottling of the interveinal regions. Lamine were reduced in 
size and had a crinkled appearance. Fruits were smaller, abnormally 
twisted and blistered. Fruit deformities were seen more in the large 
fruited sweet peppers (C. annuum var. grossum) than in the hot peppers 
(var. minimum). Bird and cherry peppers (C. frutescens) also showed 
leaf symptoms.: Large Bell Hot variety of hot peppers ceased growth 
early with rapid necrosis, defoliation and death. 


The virus was inactivated at a temperature of 63°C. and had a 
dilution end point of 1: 5000. It was active in vitro for 16 days at 15°C. 


13. Indian Chilli mosaic virus, Joa and Raychaudhuri 


A mosaic disease of peppers is widespread in India (McRae, 1924, 
Kulkarni, 1924; Uppal, 1929; Vasudeva, 1954; Jha and Raychaudhuri, 
1956). Kulkarni (1924) reported that in the Bombay presidency the 
disease caused considerable reduction in yield. Diseased plants had 
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distortion of leaves with blistering and pronounced mottling. The 
leaves were reduced in size, sometimes becoming tendril-like. Flowers 
and fruits were absent when the disease set in early. In case of late 
infection fruits were small and distorted. 


Jha and Raychaudhuri (1956) made a detailed study of the disease 
including the properties of the virus. The virus was transmitted by 
Aphis gossypii (Vasudeva, 1954; Jha and Raychaudhuri, 1955). It 
had a thermal inactivation point between 55 and 60° C. and a dilution end 
point between | : 25,000 and 1: 30,000. The virus was active for 15-22 
days at room temperature. It was inactivated immediately by 50%, 
nicotine sulphate and 1% silver nitrate; in four hours by 50% ethyl 
alcohol and in 24 hours by 0:5% sliver nitrate and 0-25% phenol. Ex- 
posure to ultra-violet light (342-72 m.u.d) for 4 hours did not inactivate 
the virus while exposure for six hours did. The virus was not seed- 
transmitted. 


) 

Nariani and Sastry (1958) found that the virus could be transmitted 
by Myzus persicae, and Aphis evonymi in addition to Aphis gossypii. 
While M. persicae and A. gossypii were equally efficient A. evonymi was 
much less so. Lipaphis erysimi did not transmit the virus. 


Uppal (1930) reported a mosaic disease of chilli in the Bombay 
State which was transmitted by a species of thrips. This is apparently 
a different disease from the one described above. 


14. Puerto Rican pepper mosaic virus, Roque and Adsuar 


A mosaic disease of peppers in Puerto Rico was recorded by Cook 
(1929, 1930). This disease has been studied in detail by Roque and 
Adsuar (1939, 1941). The disease was reported to cause a loss of 50-60% 
in yield in certain areas of Puerto Rico. All susceptible varieties of 
pepper except the Large Bell Hot variety develop the following symp- 
toms 10-12 days after inoculation. A marked clearing of the veins 
developed in the upper younger leaves followed later by a systemic 
mottling with ultimate vein-banding. Vein-banding was the most 
characteristic symptom in the field. The leaves became wrinkled and 
the whole plant was stunted if infection had taken place early. Fruit 
production was curtailed and fruits produced after infection were under- 
sized, mottled and badly distorted. Younger plants were more 
seriously and rapidly affected than older plants. In young, actively 
growing plants of the variety Large Bell Hot the virus poduced a systemic 
vein necrosis in 5-6 days followed by defoliation, stem streaking and 
death of the entire plant. A survey of the island showed that the disease 
was prevalent in 60-95% of the plants in the field. 


The virus was easily sap-transmissible and also by the vector 
Myzus persicae. The thermal inactivation point lay between 55 and 58° C. 
and the dilution end point a little above 1: 100. The virus was com- 
pletely inactivated after an in vitro storage of 48 hours at 22°C. Im- 
munological studies showed that the virus was not related to tobacco 
mosaic virus, potato mottle virus (ringspot strain) and the potato vein- 


VIRUS DISEASES OF PEPPER 33 


banding virus. The properties of the virus were similar to those of 
potato virus Y, but there were wide differences in symptomatology. 
Serological studies by Perez and Adsuar (1955) also showed that the 
potato virus Y and the Puerto Rican pepper mosaic virus were closely 
related, but the latter had an antigenic component not found in potato 
virus Y. The virus had also close resemblance to potato virus A in 
its physical properties and in symptomatology on Nicotiana tabacum. 
The properties of this virus are very different from those of pepper 
vein-banding virus reported by Simons (1956) from Florida. 


Roque and Adsuar (1941) tested 81 varieties of peppers for resis- 
tance to the virus and found that two, a Mexican hot pepper called 
Cuaresmeno and a native hot pepper were resistant. A strain of pepper 
developed by F. O. Holmes in the U.S.A., which reacted with localised 
necrotic lesions against tobacco mosaic virus, reacted with systemic 
mottling against the Puerto Rican virus. The variety Californa Wonder 
developed vein-clearing, mottling, vein-banding and stunting when 
inoculated with the virus. By crossing the California Wonder variety 
(susceptible) with the resistant variety Cuaresmeno, a strain of pepper 
resistant to the disease has been bred by Riollano, Adsuar and Rodriguez 

1948). . 
: 15. Trinidad pepper vein-banding virus, Dale 


A vein-banding disease of pepper was reported by Dale (1954, 
1956) to occur naturally and reduce the yield of sweet peppers in Trini- 
dad. The disease was readily sap-transmissible and by the vector 
Aphis gossypii. On most varieties of pepper the virus caused slight 
vein-clearing of expanding leaves in 7-10 days followed by mottling. 
Ultimately an irregular and discontinuous dark green vein-banding 
often bordered by chlorotic areas merging in darker interveinal tissue 
developed on the leaves. The leaves were crinkled and reduced in 
size. Infected plants of California Wonder and Fordhook varieties 
were stunted and gave reduced yields of smaller misshapen fruits. 


The virus had a thermal inactivation point of 62°C. and a dilution 
end point of 2x10->. It was active in vitro for 6 days at a temperature 
of 25-30°C. 


There was considerable variation in the reaction of various varieties 
of peppers to the virus. Certain local red and yellow fruited hot peppers 
(C. annuum var. minimum) showed resistance to the disease. Perennial 
small fruited bird peppers and cherry peppers (C. frutescens) often showed 
clear leaf damage but no other symptoms. Young plants of Large 
Bell Hot variety of C. annuum showed dark brown vein necrosis of the 
developing leaves 4-8 days after intection, followed by necrotic stem 
streaking, abcission of all but oldest leaves and death of plants. Dark 
brown local lesions occasionally appeared a day or two before systemic 
necrosis. Older plants turned chlorotic, developed necrosis of the 
active shoots and shed their fruits, but often survived ina moribund 
condition. Hybrids of Large Bell Hot and other varieties were stunted, 
produced little or no fruit and had small and curled leaves with varying 


degrees of vein-clearing. - 
3 
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Dale (1954) thought that the Trinidad pepper vein-banding virus 
was probably related to the pepper mosaic virus of Puerto Rico described 
by Roque and Adsuar (1941). However, an examination of the physi- 
cal properties of these viruses shows considerable differences. The 
Trinidad virus is probably related to or is the same as the pepper vein- 
banding virus described by Simons (1956) from the U.S.A. They have 
closely similar physical properties and produce comparable symptoms 


on pepper. 


16. Italian pepper mosaic virus, Ajroldi 


Ajroldi (1939) described a mosaic disease of peppers in Italy which 
caused a loss in yield of 50-70% in the vicinity of Milan. First symp- 
toms of the disease appeared 30-60 (sometimes 100) days after trans- 
planting. Large fruited varieties showed two types of symptoms: 
(1) typical ‘aucuba’ mottling, chlorotic spots often merging into irregular 
white to yellowish spots with darker edge generally confined to leaf 
apices and margins. Sometimes the discoloured parts appeared as 
alternate light and dark concentric rings. (2) The marbling type 
spots in serpentine lines frequently starting near the leafstalks, with 
uniform discolouration near the veins. Both types were accompanied 
by fleshy or leathery leaf swellings and malformations. Spots were 
sometimes found on petioles and stems also. Symptoms first developed 
on young leaves and in a fortnight the entire plant looked abnormal. 
Growth was arrested and the plants looked rachitic, pinched and sickly. 
Fruit-set was reduced, the few fruits set after infection being dwarfed 
and misshapen. Medium and small fruited varieties escaped much 
damage. 


In diseased leaves palisade cells were isodiametrical, irregular 
and often arranged in two or more superimposed layers. The spongy 
tissue was parenchymatous. Chloroplasts were less numerous, arranged 
in irregular masses and poor in chlorophyll. X bodies were present. 


The virus was mechanically transmitted. Gualaccini (1956) also 
succeeded in transmitting the disease by means of Cuscuta pentagona, 
to peppers and Perustitza tobacco. On this basis Gualaccini thinks 
that the disease was caused by a strain of tobacco mosaic virus. 


The disease appeared to be favoured by sudden changes in atmo- 
spheric temperature, heavy applications of nitrogenous fertilizers and 
frequent irrigation with cold water. 


Ajroldi (1939) suggests that the disease is probably the same as 
the ‘niebla nueva’ of Spain reported by Bennloch and Dominguez 
(1934) (see also under ‘cucumber mosaic virus’). 


17. Pepper yellow leaf virus, Heuberger 


An apparently new virus (?) disease of peppers was noticed by 
Heuberger (1944) in Delaware, U.S.A. The disease was characterised 
by.a continuous yellow discolouration of the leaf beginning at the petiole 
and extending towards the leaf apex. These leaves were easily shed. 
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Fruits present at the time of infection developed yellow discolouration 
often accompanied by pitting. Fruits set after infection did not develop. 


VIRUSES ARTIFICIALLY TRANSMITTED TO PEPPER 


1. Potato virus X [Annulus dubius (Holmes) Holmes] 


Blodgett (1927) demonstrated that symptoms of a disease appeared 
when peppers were inoculated with juice from apparently healthy 
potatoes. The virus concerned was probably potato virus X. Symp- 
toms appeared in 10 days under favourable conditions. First symptoms 
were rather indefinite light spots in the young leaves developed after 
inoculation. The spots, about 0-5cm. in diameter, quickly died and 
turned brown in colour. As spots developed on rapidly expanding 
young leaves these leaves became wrinkled and distorted and were 
shed, the plants retaining the leaves produced prior to inoculation. 
Necrotic streaks spreading from point of inoculation were produced 
on the stems also. All young leaves, subsequently produced, also became 
necrotic and were shed. Plants remained dwarfed. The varieties 
of potatoes from which the virus was obtained were Green Mountain, 
No. 9, Cobbies, Rural Russets, Heavy Weights and Bliss Triumph. 


Vand der Meer (1932) studied a virus obtained from apparently 
healthy potatoes of the variety Green Mountain. Two varieties of 
C. annuum when inoculated with juice from potatoes developed necrosis. _ 
About 2-3 weeks from inculation the leaves at the top became wrinkled ” 
and somewhat mosaic mottled. Necrotic spots appeared on the lamine, 
petioles and stems. In one of the varieties the leaf spots were much 
more developed than in the other. Very often the petiole bent at the 
necrotic spot and in such cases the lamine wilted and died. The plants 
were stunted but not killed by the virus. New leaves were small, dis- 
torted, had light green and necrotic areas and mostly fell off soon. 


The virus had a longevity in vitro of 18,days, a thermal inactivation 
point of 75°C. and a dilution end point of 1: 100,000 to 1: 1000,000. 
Sixty-four per cent alcohol inactivated the virus. 


Bohme (1933) transmitted potato virus X to three varieties of pepper 
but did not describe the resulting symptomatology. irk 


Chester (1936) observed that a latent potato strain of the virus 
caused a severe systemic necrosis on pepper. Similar observations 
were made by Schultz et al. (1937) and Roland (1950). 


Salaman (1938) studied six strains of the virus obtained from potato. 
The strain X" produced distinct reaction on pepper plants while the 
other five were masked. This strain remained active in raw unclarified 
juice for four months at room temperature, had a particle size of 133 my, 
a dilution end point of 1: 3000, and a thermal inactivation point of 
tate OF 


David and Stormer (1941) demonstrated that C. annuum was a 
good test plant for potato virus X and developed characteristic primary 
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and secondary symptoms on inoculation. As primary symptoms, 
necrotic dark rings were produced on inoculated leaves. These rings 
became lesions when virulent strains of the virus were used. Secondary 
symptoms were a bleaching and puckering of the younger leaves and 
sometimes necrosis and death of the entire apex. 


Maris and Rozendaal (1956) also observed that pepper plants 
were useful indicator plants for potato virus X. 


2. Tomato bushy stunt virus (Marmor dodecahedron, Holmes) 


There is a single doubtful report by Gigante (1955) of this virus 
being transmitted to pepper. 


3. Potato leaf roll virus (Corium solani Holmes) 


There is a single report of this virus being transmitted to pepper 
by the vector Myzus persicae, from Oregon, U.S.A. (Anon, 1930). 


_4. Tomato ring-spot virus (Annulus zonatus Holmes) 


Kohler (1940) reported that a strain of this virus (Pomeranian strain) 
caused a delayed necrosis of pepper involving petioles, leaf blades and 
veins. Samson and Imle (1942) reported experimental infection of 
pepper variety Ruby King with this virus. 


5. Potato aucuba mosaic virus (Marmor aucube Holmes) 


Clinch, Loughnane and Murphy (1936) and Maris and Rozendaal 
(1956) have reported experimental transmission of this virus to pepper. 
The former observed brown or purple bordered spots followed by rusty 
purple discolouration on inoculated pepper plants. 


6. Potato stunt virus, Cockerham and McGhee 


Pepper plants when experimentally infected with this virus became 
chlorotic, stunted and distorted (Cockerham and McGhee, 1953). 


7. Sweet-potato mosaic virus, Elmer 


Pepper seedlings were killed when sap-inoculated with this virus 
from sweet-potato (Elmer, 1957). The virus had a dilution end point of 
10-6 and a thermal inactivation point of 90°C. It was active in tobacco 
leaf extract for 67 days at room temperature. 


8. Broad bean vascular wilt virus, Stubbs 


Experimental infection of peppers with this virus produced systemic 
chlorotic rings followed by irregular, dark green mottle (Stubbs, 1947). 


9. Carrot motley dwarf virus, Stubbs 


This virus was reported by Stubbs and Grieve (1944) from Australia. 
The virus passed on to pepper plants experimentally by the vector 
Cavariella aegopodii. ‘Infected pepper plants developed small feeding 
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lesions on older leaves in 12-14 days. Systemic symptoms consisting 
of light and dark green mottle, with slight blistering of young leaves, 
developed seven days later. Chlorotic rings appeared transiently on 
the older leaves and complete symptom-masking occurred with rising 
temperature. 


10. Yam mosaic virus, Adsuar 


This virus was reported by Adsuar (1955) on yam, Dioscorea 
rotundata from Puerto Rico. The virus was mechanically transmissible 
to pepper plants. The virus had a thermal inactivation point of 60° C. 
and a dilution end point of 1: 10,000. It was active for one month 
at — 5°C. while at room temperature the infectivity of expressed sap 
was lost in 24 hours. In air-dried material the virus was active for 
24 days. 


11. Sunflower mosaic virus, Traversi 


This virus which was reported on sunflower (Helianthus annuus) 
from Argentina by Traversi (1949) was sap-transmissble to peppers. 
It was also transmitted by the vectors Thrips tabaci, Myzus persicae and 
Trialeurodes vaporariarum. This if confirmed is quite unusual. The 
thermal inactivation point of the virus was 96—-99° C. and the dilution 
end point |: 100,000. 


12. Radish stunt virus, Isiyama and Misawa 


A virus causing a stunt disease of radish was reported from Japan 
by Isiyama and Misawa (1943). The virus was transmitted by the 
vectors Myzus persicae and Rhopalosiphum pseudobrassicae. The virus 
infected pepper. 


13. Trinidad tomato twisted leaf virus, Ferguson 


This virus reported by Ferguson (1951) from Trinidad was arti- 
ficially transmissible to peppers by grafting. It was not sap trans- 
missible. Six days after sap inoculation pepper leaves developed variega- 
tion of ill-defined dark and light patches. 1n ten days the veins showed 
some yellowing and the leaves became somewhat Dlistered. 


14. Trinidad tomato bronze leaf virus, Ferguson 


This virus was sap-transmissible to pepper variety Fordhook (Fer- 
guson, 1951). The pepper leaves developed an yellowing along the 
veins with interveinal chlorotic patches developing later. The virus 
had a thermal inactivation point of 40°C. and a dilution end point of 
1: 10,000. It was active in vitro for three weeks at eta 


15. Trinidad eggplant mosaic virus, Ferguson 


This virus reported from Trinidad by Ferguson (1951) was sap- 
transmissible to pepper producing sparse irregular chlorotic _ lesions 
on leaves, The virus had a thermal inactivation point of 65°C, and 
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a dilution end point of 1: 10,000. It was active in vitro for three weeks 
at iS? C; 


16. Tomato recrosis virus, Chamberlain 


This virus was reported from New Zealand by Chamberlain (1940). 
It caused a severe streak disease of tomatoes in combination with tobacco 
mosaic virus. It could be freed from TMV by passage through. tree 
tomato (Cyphomandra betacea). The virus was transmissible to pepper. 
About seven days after inoculation local lesions appeared on inocu- 
lated leaves. The lesions were irregular in shape, about 1/16 to 1/8” 
in diameter and of light brown colour with dark brown margins. 
Secondary symptoms consisted of light and dark green mosaic mottling 
of leaves sometimes associated with dark brown necrotic areas. 
Occasionally necrotic areas appeared as narrow bands which tended 
either to follow the veins or form circles or irregularly shaped rings. 
Infected plants were considerably stunted and failed to set fruit. 


The virus had a thermal inactivation point of 64-66°C. and a 
dilution end point of 1: 500,000 to 1: 1,000,000. The virus was active 
for over 17 weeks in vitro at 22°C. 


17. Tomato yellow mosaic virus, Stover and Vermillion 


Stover and Vermillion (1933) described a yellow mosaic of tomato 
in the United States. .The virus causing this disease was transmitted 
to pepper and was much more injurious than ordinary tomato mosaic 
virus. In inoculated plants the leaves and blossom buds dropped 
off and many of the plants were killed. The virus had a thermal inacti- 
vation point of 83°C, in contrast to 90°C. of ordinary tomato mosaic 
virus. 


UNIDENTIFIED VIRUSES ON PEPPER 


There are many reports in literature about unidentified virus diseases 
on pepper. Such diseases are designated by common or local names 
without any information on symptomatology or properties of the viruses 
concerned. Such reports are summarised below: 


Mosaic.—Atrica and neighbouring islands (Mckinney, 1929, 
Shepard, 1931); U.S.A. (Higgins, 1923; Martin, 1930; Webber, 1932; 
Erwin, 1932); South America (Abbot, 1931; Palm, 1932; Miller, 
1936; Soriano, 1932); Burma (McRae, 1929: Su, 1936): Ceylon 
(Fernando and Peiris, 1957); China (Ho ,and Li, 1936); Denmark 
(Anon, 1934); Indonesia (Van Hall, 1924; Van Schreven, 1948); 
Italy (Gualaccini, 1956); Malaya (Burnett. 1947); Mexico (Brawer 
and Richardson, 1957); Rumania (Suvalescu er al., 1934) “* Variegation 
Disease”: Japan (Ikeno, 1930); “* Pox’’, Indonesia (Thung, 1939); 
“ Psyllid Yellows”: U.S.A. (Binkley, 1930) artificial infection); ‘‘ Leaf 
Curl”: China (Tu. 1933); Mexico (Brawer and Richardson, 1957); 
** Leaf-Crinkle”’: Africa (Deighton, 1929); ‘“* Little Leaf”: *: Ceylon 
(Park, 1932, 1935; Fernando and Peiris, 1957). 
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ORGANOGRAPHY AND FLORAL ANATOMY 
OF SOME MEMBERS OF THE RHAMNACEAE 
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THE Rhamnaceae is represented by 40 genera and 550 species distributed 
in the tropics and temperate regions (Lawrence, 1959). The flowers 
of the family exhibit several interesting morphological peculiarities 
such as antipetalous stamens, very conspicuous disc, and a change from 
hypogyny to epigyny, bisexuality to unisexuality, dichlamydy to mono- 
chlamydy, etc. 


The earliest account on the floral anatomy of the family is by 
Saunders (1939) on Rhamnus. Recently Prichard (1955) studied the 
vascular anatomy of the flower of 12 species. Reference to these works 
will be made at appropriate places. The present account deals with 
the organography and floral anatomy of Zizyphus xylopyra Willd., 
Z. nummularia W. & A., Z. mauritiana Lamk., Z. hysudrica Park., 
Z. funiculosa Ham., Z. oenoplia Mill., Helinus lanceolatus Brand. and 
Ventilago madraspatana Gaertn. 


MATERIALS AND METHODS 


Z. xylopyra, Z. nummularia and Z. mauritiana were collected from 
Pilani and its neighbourhood and fixed in formalin-acetic-alcohol. 
Only herbarium materials were available for the rest of the species and 
they were treated with three per cent. potassium hydroxide at 50°C. 
for 12 hours. Later they were washed in tap-water for an equal length 
of time and fixed in formalin-acetic-alcohol. Dehydration and embedding 
were followed in the usual manner (Johansen, 1940). Sections cut 
at 10-18 microns thickness were stained with safranin and fast green 
as well as erythrosin and crystal violet combinations. 


OBSERVATIONS 


Zizyphus.—The species of Zizyphus studied exhibit a general uni- 
formity in the organography and vascular anatomy of the flower that 
makes a generalized description possible. However, variations do 
occur and will be referred to wherever necessary. 


The flowers are arranged in sessile (Z. nummularia and Z. mauritiana) 
or sub-sessile (Z. oenoplia) or peduncled (Z. xylopyra and Z. hysudrica, 
axillary cymose clusters. They are pentamerous, actinomorphic, dich- 
lamydeous, perigynous and perfect. The valvate sepals are glabrous) 
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TEXT-FIGS, 1-23. Figs. 1-16, Zizyphus xylopyra. Serial transections from 
pedicel upwards. Figs, 17-23. 2. mauritiana, Serial transections from pedice] 
upwards, (cs, carpellary supply; di, disc; ds, disc supply; Ay, hypostase: ib, in- 
tegumentary bundle; mc, mucilage cavity; of, ovular trace, pb, placental bundle; 
pst, petal-stamen trace; ps, placental Supply; pt, petal trace; s/, sepal Jateral;. ss, 
sepal supply; st, stamina] trace). 
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keeled within, and slightly united at the base. They: are covered ty 
brown or greyish tomentum. The petals are deflexed, ccnceve, spathu- 
late and cucullate. The glandular disc which is five angled in Z. xylopyra, 
and ten-lobed in the rest of the species is an outstanding feature of the 
flower. The antipetalous stamens have dithecous introrse anthers. In the 
younger stages the anther wall consists of tapetum, two middle lzyers, 
an endothecium and epidermis. The tapetal cells are uninucleate 
at first but become two to three nucleate. Further behaviour conforms 
to the secretory type. The middle layers are ephemeral. Fibrcus 
thickenings appear in the endothecial cells at maturity. The semi- 
inferior ovary is bilocular at the base and the apex (Text-Figs. 4, 11). 
In the centre the placentas slightly recede (Text-Figs. 5-10, 21, 22). 
Each locule bears a single, anatropous, bitegmic, crassinucellate ovule 
on sub-basal placenta (Text-Fig. 17). The ovary is continued 
into a bifid style (Text-Fig. 16) terminating in glandular stigmas. There 
are two narrow stylar canals extending up to the middle of the style 
(Text-Figs. 12-14). In some cases only one canal was seen in Z. nummu- 
laria and Z. hysudrica. It is surrounded by glandular cells. Mucilagi- 
nous cavities are present in all the floral parts, particulerly in the 
receptacular cortex and the disc. They are formed by the disintegraticn 
of cells. Tannin and sphaerocrystals are abundant in the receptacle 
and the disc. 


In the pedicel there is an undissected siphonostele (Text-Fig. 1). 
In the receptacle the stele expands and from it diverge out five traces 
which while moving to the periphery divide radially into two cach, 
forming ten traces (Text-Figs. 2-4). These traces give a small branch 
each to supply the wall of the ovary and at a higher level give a whorl 
of traces to the disc (Text-Figs. 4-7). Five of the traces form the midribs 
of sepals (Text-Figs. 5-8) and the other traces divide into three branches 
(Text-Figs. 5-10, 21-23, 28). The lateral branches ultimately beccme 
the marginal bundles of the sepals. The median branch undergces a 
tangential division to form two traces. The outer of the two forms the 
supply of the petal and the inner enters the filament of the stamen 
(Text-Figs. 6-10). In the higher regions the petal shows three bundles 
in transection. 


Four bundles, marked a, b, c and d in Text-Figs. 3-4, are left in 
the centre. At first they are normally oriented but in their upward 
course they become inverted and function as ventral bundles. In one 
of the flowers examined only two bundles were left in the centre which a 
little above divide to form four bundles. Here the ovary is bilocular 
and the ovules are borne diagonally opposite to each other. Of the 
four bundles a and d supply one ovule each (Text-Fig. 4). After the 
ovular supply has been given out the bundles a and c, and 6 and d fuse 
to form two inversely oriented placental bundles cn the septal redii 
(Text-Figs. 5, 6). In some members of the related Vitaceae also the 
placental bundles are formed after the ovular supplies have been given 
out (Nair and Mani, 1960). At this level the placentas slightly recede 
to the periphery (Text-Figs. 5, 6). Closely above, two branches diverge 
out successively from each of the placental bundles and extend upward 
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in the carpellary.wall and ultimately fade out in the higher regions (Text- 
Figs. 6-11). In the style, only the septal bundles, which might some- 
times divide to form four bundles, continue for some distance (Text- 
Figs. 13-15). 


In Z. mauritiana the four bundles left in the centre as usual divide 
to form eight bundles (Text-Figs. 18-20). A similar feature was ob- 
served in one of the flowers of z. Aysudrica (Text-Figs. 24-26). In 
Z. hysudrica, unlike Z. mauritiana, the ovules are arranged on the same 
side instead of the usual diagonally opposite condition (Text-Figs. 26. 27). 
After the ovular supply (Text-Figs. 20, 26) the bundles a and c, and 6 
and d, unite to form the placental strands. Rest of the bundles diverge 
out and supply the carpellary wall. In Z. mauritiana tricarpellary and 
tetracarpellary ovaries were observed, in which case the additional 
bundles, before diverging to the ovary wall. fuse in pairs to supply the 
additional placentas. 


Helinus—The pentamerous flowers are borne on umbellate pedunc- 
les. The disc is very conspicuous and may be described as epigynous. 
The ovary is tricarpellary and trilocular at the base becoming unilocular 
by the receding of the placentas (Text-Figs. 32-34). Each carpel bears 
a single ovule. Two ovules of adjacent carpelsare attached to one placenta 
while the other ovule was attached to one of the remaining placentas. 
The third placenta had no ovule in all the flowers examined (Text-Fig. 
32). The ovary terminates in a style with three stigmas. 


Pedicel contains ten vascular bundles (Text-Fig. 29). The bundles 
expand in the receptacle and from them diverge inward six traces (Text- 
Figs. 30, 31) which fuse in pairs and form inversely oriented placental 
bundles on septal radii (Text-Fig. 31). The loculi appear close above 
this level. In the higher regions one of the placental bundles supply two 
ovules of the adjacent carpels and another supply the other ovule and 
the third does not take part in the ovular supply (Text-Fig. 32). After 
the ovular supply had been given out the placental bundles fuse with 
the carpellary supply and continue for some distance in the style. 


The remaining vascular tissue continues for some distance in the 
floral tube and divide tangentially to form two rings of vascular bundles 
(Text-Fig. 32). At this level the ovary is unilocular. The inner ring 
supplies the ovary wall and shows some anastomosis. Five of the 
outer ring of bundles, after giving a trace each to the disc, form the 
midribs of the sepals. The remaining bundles divide to form the sepal 


sie petal traces and staminal supply as in Zizyphus (Text-Figs. 


Ventilago.—The small flowers are arranged in spikes. The ex- 
ternal morphology and vascular anatomy of the flower do not show 
much variation from that of Helinus lanceolatus (Text-Figs. 37-44); 
The chief points of divergence are: (a) pedicel contains a ring of more 
than ten bundles (Text-Fig. 37), (b) the ovary is bicarpellary with a 
single ovule in each carpel, (c) the ovules are arranged on diagonally 
opposite margins of the placentas (Text-Figs. 40-41), (d) the style is 
hairy at the basal part and is provided with prominent stylar canal. 
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Text-Fics. 24-44, Figs. 24-28. Zizyphus hysudrica. Serial transections from 
pedicel upwards. Figs. 29-36. Helinuslanceolatus. Seria\ transections from pedicel 
upwards. Figs. 37-44. Ventilago madraspatana. Seria! trensections from pedicel 
upwards. (of, ovular trace; s/, sepal lateral; pst, petal-stamen trace). 


DISCUSSION 


The organography. and vascular anatomy of the species studied 
manifest a general uniformity. There is high degree of adnation bet- 
ween members of the adjacent whorls of floral appendages coupled 
with the fusion of their vascular supply. In all cases the lateral traces 
of adjacent sepals, the petal trace, and the staminal trace are fused to- 
gether becoming separated into their respective components only in 
the higher regions. The carpellary and the disc supplies are also fused 
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with the supplies to the other floral appendages to a greater or lesser 
extent. A more or less similar condition is reported in the allied family 
Vitaceae (Kashyap, 1957; Nair and Nambisan, 1957; Nair and Mani, 
1960). In all cases the first set of traces demarcated from the receptacular 
stele are the ventrals which clearly indicates the perigynous nature of 
the flower. It may be regarded that perigynous condition is the result 
of adnation and cohesion of the floral members and their vascular supply. 


Generally the successive whorls of floral organs alternate with each 
other. This rule is violated in the Rhamnaceae because of the presence 
of antipetalous stamens. Prichard (1955) thinks that the family is 
obdiplostemonous and the inner whorl of stamens have got modified 
along with the base of the perianth to form the conspicuous disc. The 
findings in the present study support such an inference. 


The gynoecium is supplied by a larger number of bundles than the 
usual dorsals and ventrals. This may probably indicate their derivation 
from a mlticarpellary state. The variability in the number of carpels 
observed in the present study is significant in this connection. 


The placentation in this family had been described basal in the 
taxonomic literature (Bentham and Hooker, 1862; Engler and Prantl, 
1889; Rendle, 1952; Warming and Potter, 1932; Gundersen, 1950; 
Lawrence, 1959). According to Puri’s (1952) definiticns, Helinus 
and Ventilago have parietal placentation (see also Prichard, 1955). 
In most members of Zizyphus four bundles swing inward and fuse in 
pairs to form inversely oriented bundles in septal radii. Just before 
fusion the diagonally placed bundles supply an ovule each. The ovules 
are attached towards the base, laterally, indicating that the basal condi- 
tion is derived from parietal and theretore the placentation in Zizyphus 
is better described as sub-basal (see Puri, 1952). 


{It may be recalled that in Z. mauritiana and some times in Z. hysudrica 
four bundles swing inward and divide to form eight bundles. Out 
of these only four fuse in pairs to form the placental bundles. That the 
additional bundles are vestigeal ventrals of the carpels lost in evoluticn 


is indicated by the behaviour of these bundles in the tetracarpellary 
gynoecium of Z. mauritiana. 


The placental bundles are inversely oriented in all cases. This 


may be due to the derivation from an axile placentation as envisaged’ by 
Puri (1952). 


Of the two margins of each carpel only one retains fertility. In 
Zizyphus species the ovules are borne diagonally opposite to each other. 
In one of the flowers of Z. hysudrica both the ovules were borne on the 
same side. More or less similar variations in the fertility of carpellary 
margins are reported in other members of the family by Prichard (1955). 
These findings show that originally all the. carpellary margins were 
fertile. In most of the present-day forms only the diagonally cpposite 


ats retain ovule-bearing function. This might be true for Ventilago 
also, 
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TAXONOMIC CONSIDERATIONS 


The systematic position of the Rhamnaceae is ccntroversial. 
Bentham and Hooker (1862) placed it in the Celastrales in between the 
Stackhousiaceae and the Vitaceae. Bessey (1915), end Warming end 
Potter (1932) also included it under the Celastrales tut. they regarded 
the family to be related to the Celastraceae and the Vitaceae. Engler 
and Prantl (1889), Hallier (1905), Wettstein (1935), Rendle (1952), Law- ~ 
rence (1959), Gundersen (1950), and Hutchinson (1959) have treated the 
Rhamnaceae and the Vitaceae together in a separate order the Rham- 
nales. 


As shown by Narang (1953) the Rhamnaceae and the Stackhou- 
siaceae have no remarkable similarity while the differences are many. 


In trying to compare the Rhamnaceae with the Celastraceae cne 
difficulty is at hand due to our fragmentary knowledge of the varicus 
aspects of floral morphology of the Celastraceae. According to 
Willis (1956) the Rhamnaceae approaches the Celastreceae, the cnly 
difference being the antisepalous stamens in the latter femily. Prickerd 
(1955) thinks that the two families have arisen from a hypothetical 
ancestor having obdiplostemonous stamens. The loss of antisepalous 
stamens resulted in the Rhamnaceae while the disappearance of the 
antipetalous whorl produced the Celastraceae. It must be noted that 
floral-anatomically there is very little in common between the two families 
(see Berkley, 1953). Further the embryological and _palynological 
data do not support any relationship between the two families (see 
Mauritzon, 1936; Kajale, 1944; Arora, 1953; Erdtman, 1952). 


Regarding the affinities of the Rhamnaceae with the Vitaceae it 
is to be noted that we come across an imposing array of similarities. 
The cymose inflorescence, pentamerous or tetramerous flowers, valvate 
perianth parts, antipetalous stamens, conjoint petal stamen trace, con- 
spicuous intrastaminal disc, and basically parietal placentaticn derived 
from axile condition are some of the important characters that bind the 
two families together. Palynologically these two families are similar 
(see Erdtman, 1952). To these may be added some of the embryological 
features common to both the families such as anther wall consisting 
of five layers of cells, multinucleate secretory tepetum, pollen grains 
with smooth exine and three germ pores, bitegmic crassinucellate ana- 
tropous ovule with downwardly directed micropyle, thick integuments, 
anucellar cap, a well-developed hypostase, multicellular ovular arches- 
porium and free nuclear endosperm (see Dolchar, 1941; Kajale, 1944; 
Srinivasachar, 1940; Mulay, Nair and Sastry, 1953; Nair and Parasu- 
raman, 1954; Nair and Nambisan, 1957; Nair and Suri, 1957; Kashyap. 
1956, 1958). The major embryological difference is the Allium type 
of embryo-sac in some members of the Rhamnaceae. But this may 
be a later derivation from the monosporic type present in both the 
families. Ih view of these similarities the treatment of the two families 


together seems jus‘ified, 
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SUMMARY 


The present work deals with the organography and floral anatomy 
of Zizyphus xylopyra, Z. nummularia, Z. hysudrica, Z. mauritiana, 
Z. oenoplia, Z. funiculosa, Helinus lanceolatus and Ventilago madraspatana. 
The flowers are bisexual, actinomorphic, pentamerous, dichlamydeous, 
with antipetalous stamens having introrse anthers, and a 2-4 carpellary 
ovary sunk in the fleshy disc and having one anatropous ovule for each 


carpel. 


The supplies to the petals and stamens are fused with the lateral 
traces of the adjacent sepals. The carpellary and disc supplies are also 
fused to the perianth traces. 


The gynoecium is considered to be derived from a multicarpellary 
state. The placentation in Helinus and Ventilago is parietal while in 
Zizyphus it is sub-basal. 

The family is considered to be derived from obdiplostemonous 
ancestors and the inner whorl of stamens are regarded to have modi- 
fied along with the base of the perianth to form the disc. 


The perigynous condition is resulted by the cohesion and adnation 
of the various floral parts and their vascular supply. 


The taxonomic position of the family is discussed in the light of 
available information. The treatment of the Rhamnaceae and the 
Vitaceae together seems justified. 
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A NEW SPECIES OF ROYA (R. KUMAOENSE 
SP. NOV.) FROM NAINI TAL, INDIA 


By KAMALA P. SINGH 
D.S.B. Government College, Naini Tal 
(Received for publication on October 21, 1959) 


THE genus Roya, a saccoderm desmid of rare occurrence, was established 
by West and West in 1896 on the type species R. obtusa. Its generic 
attributes were later amended by Hcdgetts (1920). West and West 
(1904, 1923) in their illuminating monographs on British Desmidiaceae 
enlist four species of Roya, viz., R. obtusa, R. cambrica, R. pseudoclost- 
erium and R. anglica. A survey of the literatures indicates that these 
species have been recorded mainly from Europe and United States of 
America. This genus, so far the writer is aware, has been recorded 
only from Siberia in Asia. During the course of his studies the 
author came across an interesting form of this rare genus in Naini Tal. 
The luxuriant growth of the alga in this locality provided an opportunity 
for the study of its life-history and which is described in detail below. 


MATERIAL AND METHODS 


This interesting alga was collected in the month of August 1958 
from a dripping rock near Ramsay Hospital in Naini Tal (India) at an 
altitude of about 6,600’ above sea-level. The organism grows in 
mucilaginous masses often mixed with isolated cells of Chroococcus 
and Calothrix species. It appears whitish-pale in colour, but beccmes 
slightly dull at the time of repreduction. The alga was collected pericdi- 
cally at an interval of three-four days and. was always studied in living 
condition. All the illustrations end microphotegrerhs presented herein 
were prepared from living specimens. 


OBSERVATIONS 


A, Cell structure—A thorough study of the alga reveals that it 
contains cells in all stages of development. The mature vegetative 
cells are usually cylindrical with rounded poles (Text-Fig. 1; Plate I, 
Fig. 3a) and measure 97-8-128-8 » long and 15-6-19-5, broad. The 
cells are usually straight, but in certain cases they are slightly arcuate © 
(Text-Fig. 2). Mostly cells are of unifoim diemeter throughout their 
length (Plate I, Fig. 3a), but in some cases the cells exhibit gradual 
tapering from pole to pole (Text-Fig. 1; Plate I, Fig. 4). Each cell 
contains a single axile chloroplast which extends to the entire length 
of the cell (Text-Figs. 1, 2; Plate I, Fig. 3a). The chloroplast bears 
a median series of 4-14 pyrenoids (Text-Figs. 1, 2) which almost lie 
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TexT-Fics. 1-7. Roya kumaoense sp. noy. Figs. 1, 2. Mature vegetative 
cells. Figs. 3-5. Stages in terminal conjugation. Note horr-skaped mature zyg0- 
spore in Fig: 3. Fig. 6. Stage in lateral conjugation. Fig. 7. An abnormal case 
of terminal conjugation. Note one of the conjugating cells has not yet separated from 
its sister cel]. All, x 445. 


equidistant from one another. The chloroplast does not show any 
sign of longitudinal ribbing, but has a lateral embayment near the middle 
where the nucleus is lodged (Text-Figs. 1, 2). The cells frequently 
contain droplets of oily nature (Text-Figs. 1, 2, 7). 


B. Reproduction.—Sexual reproduction takes place predominantly 
by terminal conjugation (Text-Figs. 3-5, 7; Plate I, Figs. 1-3, 5-7), 
but sub-terminal (Plate I, Fig. 4 a) and lateral (Text-Fig. 6) conjugations 
are also occasionally met with. The details connected with the sexual 
conjugation are rather interesting and so are discussed at some length 
below. . 

Conjugation usually occurs between fully mature cells (Text-Figs. 


3, 4), but occurs quite often between recently formed cells also (Text- 
Figs. 5,7; Plate I, Fig. 1-3 6, 5-7). The mating cells almost may be of 
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the same (Text-Figs. 3-5; Plate I, Figs. 1, 2, 3b, 5-7) or of different 
lengths (Text-Fig. 6; Plate I, Fig. 4a). In terminal conjugation, the 
mating cells approach each other (Plate I, Figs. 1, 5) and meet terminally. 
They may either remain straight (Text-Figs. 4, 5, 7; Plate I, Figs. a=) 
or more commonly become slightly arched (Text-Figs. 3; Plate I, Figs. 
1, 3). They do not develop any papillate outgrowth. The wall at the 
point of contact gelatinizes, probably due to some enzymatic action, 
and a wide pore develops. In sub-terminal (Plate I, Fig. 4 a) and lateral 
(Text-Fig. 6) conjugations, however, the mating cells come to lie parallel 
to each other and each one develops a papillate outgrowth similar to 
that found in conjugating cells of Zygnemataceae. The papillate out- 
growth gelatinizes in the manner described above and a clear-cut circular 
pore develops. Regardless of the mode of conjugation the naked gametes 
escape through the pore and fuse to form a zygote midway between 
the old parent cell walls (Text-Figs. 3-7; Plate I, Figs. 2, 3, 4a, 6, 7). 
In some abnormal cases it has been seen that the terminal conjugation 
and zygospore formation occur even before one of the conjugating 
cells has separated from its sister cell (Text-Fig. 7). 


Zygospores are usually globose (Text-Figs. 4-7; Plate I, Fig. 2, 
3b, 4a, 6, 7), but in some cases they are horned (Text-Figs. 3). The 
horn-like projections probably develop due to incomplete amalgamation 
of the two fusing gametes (cf. Plate I, Fig. 2). The figure on the right- 
hand side shows an early stage in gametic fusion. The projection on 
either side may be compared with the horns of a mature zygospore 
(Text-Fig. 3). Zygospore is thick-walled and smooth and the wall 
consists of three layers, a thin exospore, a thick blue mesospore and a 
thin endo-spore. Mature zygospores:measure 23-4-42-5u across. 


DISCUSSION 


The present alga differs from all the previously described 
species of Roya. In R. obtusa the cells are 9-15 broad and 75-148 » 
long and its chloroplast has 4-8 pyrenoids. In R. cambrica the cells are 
6:2-6:7 broad and 173-77 long and its chloroplast has 12-14 
pyrenoids. In R. pseudoclosterium the cells are 2-6-3:5y broad and 
96-192 1 long and its chloroplast has 4-6 pyrenoids. In R. anglica 
the cells are 7:5-9 broad and 35-112 long and its chloroplast has 
4-6 pyrenoids. In the present alga the cells are 15-6-19-5, broad 
and 97:8-128:8, long and its chloroplast contains 4-14 pyrenoids. 
It differs from all the four previously described species in size of cells 
and number of pyrenoids. It comes closer to R. obtusa and R. anglica 
in possessing globose and smooth-walled zygospores. It, however, 
differs from these species in its method of terminal conjugation. The 
present alga, therefore, appears to be a new species and may be called 
Roya kumaoense sp. nov. 


Roya kumaoense spec. nov. 


Cellulae vegetativae cylindricae apicibus rotundatis, ut plurimum- 
rectae, raro arcuatae; cellulae generatim uniformiter crassae, raro 
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fastigatae e polo ad polum; cellulae 15-6-19-5, latae, 97 -8-128-8 p 
longae; chloroplasta axialia pyrenoideis 4-14 ornata in serie media; 
conjugatio ut plurimun terminalis, raro subterminalis vel lateralis; 
zygosporae parietes crassi, globosi, raro cornuti, 23:4-42-5 4 diam., 
zygosporae parietes crassi, leves et ter seriati, mesosporio crasso, levi 
et caeruleo. 


Habitat.—In saxis stillantibus prope Ramsay Hospital, ad Naini 
Tal in India, mense sugusto anni 1959. 


Roya kumaoense sp. nov. (Text-Figs. 1-7; Plate I, Figs 1-7). 


Vegetative cells cylindrical with rounded poles, usually straight 
rarely arcuate; cells generally of uniform thickness throughout, really 
tapering from pole to pole; cells are 15-6-19-5, broad and 97-8- 
128-8 long; chloroplast axile with 4-14 pyrenoids in a median series; 
conjugation mostly terminal, rarely sub-terminal or lateral; zygospore 
usually globose, rarely horned and are 23-4-42-5, across; zygospore 
wall thick, smooth and three-layered; mesospore thick, smooth and blue 
in colour. 


Habitat.—Growing on a dripping rock near Ramsay Hospital, 
Naini Tal, India (August, 1959). 


KEY TO THE SPECIES OF Roya 


1. Zygospore present oe edges 
1. Zygospore absent oe riage 
2. Lateralconjugation only .. 4 
2. Terminal, sub-terminal and late- 
ral conjugation .. R. kumaoense 
3. Cells 6-2-6:7 x 173-177 4; chloro- 
plast with 12-14 pyrenoids ... R. cambrica 
3. Cells 2:6-3:5 96-192 4; choroplast 
with 4-6 pyrenoids__... .. R. pseudoclosterium 


4. Cells 9-15 x 75-148 1; chloro- 
plast with 4-8 pyrenoids .. R. obtusa 


4. Cells 7-5-9x35-112; chloro- 
plast with 4-6 pyrenoids .. R. anglica 


SUMMARY 


The enus Roya (West et West) Hodgetts, a rare Saccoderm desmid, 
has so far been reported from Europe, Siberia and U.S.A. Another 
_ species, viz., Roya kumaoense sp. nov., has been recorded from Naini . 
Tal, India. 

The structure and the reproduction of this species is described 


in detail. It differes from all other previously described species of 
Roya in having terminal conjugation and broader cells, 
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A key to the species of Roya is given. 


ACKNOWLEDGMENTS 


In conclusion the author expresses his gratitude to Prof. M. O. P. 
Iyengar for his kindness in examining the sample of Roya kumaoense 
sp. nov. and communicating his valuable suggestions. 


REFERENCES 


Honcetts, W. J. 1920. Roya anglica G. S. West, a new desmid, with an amended 
description of the genus Roya. J. Bot,, Lond. 58: 65-69. 


KossinskAJA, C.C. 1952. Flora plantarum cryptogamarum URSS, Vol. Il, 
Conyugatae (1), Mesotaeniales et Gonatozygales, 163 pp. Acod. Sci. URSS, 


Inst. Bot. Moscow. 


WEST, W. AND WesT,G.S. 1896. Onsome new ard interesting fresh-wateralgae, J. 
Roy. micr. Soc. 1896, 16: 146-65. 


1904. A Monograph of the British Desmidiaceae. 1: 224. London. 
ee 01923. cclhid. S>~ (91> London: 


EXPLANATION OF PLATE I 
Fics, 1-7. Roya kumaoense sp. nov. 


Fic. 1. Early stage in terminal conjugation. Note in Fig. 1 a conjugating cells 
are arched, while in Fig. 15 they are almost straight. gry 


X 


FIG. Stages in gametic fusion. 


Fic. 


ae 


Mature vegetative cells and a stage in terminal conjugation with mature 
globose zygospore. 


Fic. 4. a. Stage in sub-terminal conjugation. 6, A mature vegetative cell 
showing gradual tapering from one pole to the other. 


Fic. 5. An early stage in terminal corjugation between two recently formed cells. 


Fics. 6-7. Stages in terminal corjugation where the conjugating cells lie in a 
straight line. 
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STUDIES ON THE INTERSPECIFIC HYBRID 
OF PENNISETUM TYPHOIDES 
x P. PURPUREUM 


VI. The Cross Derivatives of the Allotetraploid 


By V. S. RAMAN AND D. KRISHNASWAMI* 


Agricultural Research Institute, Coimbatore-3 


(Received for publication on August 21, 1959) 


THE synthesis of 10 allotetraploids in Pennisetum was reported in an 
earlier paper and of these, nine were reasoned out to possess each the 
genomic constitution AAA’B (2n—28), where A was the basic genome 
of Cumbu, Pennisetum typhoides Stapf. and Hubb., and A’B the haploid 
complement of the Napier grass, P. purpureum Schumach. Consequently, 
the meiosis of these nine allotetraploids revealed the expected .associa— 
tion of seven trivalents and seven univalents or its modifications (Krishna- 
swamy and Raman, 1956). The observations on the plants derived from 
a single allotetraploid by selfing and by further pollinations are presented 
in this paper. 
MATERIAL AND METHODS 

Of the nine allotetraploids obtained, one plant with the lowest 
(47-2%) pollen sterility was selected for further hybridizaticn. The 
protogyny present in the allotetraploid was utilized for crossing with 
pollen from diploid and autotetraploid P. typhoides and emasculation 
was not necessary. The allotetraploid was also selfed and a few seeds 
were obtained to raise a progeny. 


Meiotic associations were observed from temporary acetocarmine 
squashes of the anthers after fixing the panicles in acetic alcohol (1 : 3). 


OBSERVATIONS 


1. Allotetrapleid selfed—Three plants were obtained by selfing 
and two of these were hexaploids (2n—42). These two plants revealed 
maximum meiotic associations of 3 (iv) + 4 (iii) + 7 (ii) + 4 (i) and 4 (iv) 
+ 3 (iii) + 7 (ii) + 3 (ij respectively. These hexaploids were different 
from the hexaploids derived as colchicine induced amphidiploids or as 
F, of the interspecific hybrid (Krishnaswamy and Raman, 1954). 


The third plant obtained by selfing was a tetraploid (2n—28) and 
closely resembled its mother both in external morphology and in meiotic 
associations giving a maximum association of 7 (iii) + 7 (i). 

2. Allotetraploid x autotetraploid P. typhoides.—Three hybrids 
were derived from this cross. Two of them were tetraploids (2n—28) 
but were different from the mother, in having more compact panicles 
and other characters associated with the cultivated P. typhoides. Maxi- 
mum meiotic associations were 4 (iv) + 3 (iii) + 3 (i) and 3 (iv) + 4 (iil) 
+ 4(i) respectively. 

* Present Address : Regional Research Centre, PIRRCOM, Coimbatore-3. 
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The'third hybrid of this cross was a hexaploid (2n—42). Theoreti- 
cally this should form 7 (v) + 7 (i) during meiosis, though the maximum 
association observed was 3(v) + 4(iv) + 11 (i), which is only a modifi- 
cation of the expected association. 


_ 3. Allotetraploid x diploid P. typhoides.—Out of several pollina- 
tions, one plant with 2n—35 chromosomes was obtained. This penta- 
ploid showed a maximum association of 7 (iv) + 7 (i) as expected. 


The meiotic associations of the above derivatives of the allotetraploid 
are consolidated in Table I. 


DISCUSSION 


1. Allotetraploid selfed—The 42-chromosomed plants in the 
progeny may be due to the fusion of an unreduced gamete (2n—28) 
with another having the reduced number (n—14). However, the meiosis 
in the allotetraploid is not normal as a result of high frequency of trivalent 
associations. It has already been mentioned that the allotetraploid 
possesses the genomes AAA’B and forms a maximum association of 
7 (ii) + 7 (4) at meiosis. Due to random distribution of the univalents 
and disjunction of the trivalents, the distribution at I-anaphase is fre- 
quently 14-14 but sometimes unequal. It will not be possible to speculate 
how many complete genomes are included in each of the I-telophasic 
nuclei, besides other chromosomes the nature of which cannot be specified. 
In other words, the exact gametic constitutions of the allotetraploid 
cannot be stated though the genomes are known. 


However, since the hexaploid (2n—42) derived by. selfing the allo- 
tetraploid, forms a maximum association of 4 (iv) + 3{ii1i) + 7 Gi) + 3 (i), 
the constitution of the hexaploid can be represented as follows (denoting 
the A genome by the chromosomes ABCDEFG, the A’ genome by 
A’B'C'D’E'F’G”. and the B genome by .HIJKLMN):— 


ABCDEFG oe SA BGDEFG 
ABCDEFG ~~ HIJKE'F’G’ 
A'B’C'’D'E'F’G’ (reduced gamete) 
HIJKLMN 
(Unreduced gamete) si 
ves 
S | #6 
x ee 
ABCDEFG 
ABCDEFG 
ABCDEFG 
AB CD'EFG. 
~, HIJKLMN 
HIJKE'F'G’ 


~<\ THexaploid: 2n—425. 4.Gv) + 3Uii) + 7G) +3 @] 
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The other hexaploid probably has one more D’ instead of one K, 
since it forms a maximum of only three quadrivalents. It is now apparent 
that the reduced gamete of the allotetraploid contributes one full 
genome and seven other chromosomes at random from A. A’ and B 


genomes. 


The third selfed derivative is 28-chromosomed and forms a 
maximum association of 7 (iii) + 7(i). Evidently, this plant has the 
same chromosome constitution as the mother and this is further supported 
by the similar appearance between this tetraploid and its parent. While 
two reduced gametes may unite to develop into an exact genetic consti- 
tution as the mother plant, the chances for such a combination are perhaps 
very remote. However, the probability of parthenogenetic development 
of an unreduced female gamete cannot be entirely overlooked. A 
parallel example is the development of diploids from autotetraploid 
P. typhoides when the latter was selfed (Raman, unpublished). 


2. Allotetraploid x autotetraploid P. t}phoides.—The constitution 
of the two 28-chromosomed hybrids can be represented as follows :— 


Egg of allotetraploid Sperm of autotetraploid Egg of allotetraploid 


ABCDEFG ABCDEFG ABCDEFG 
A’B’'C'D'HIJ ABCDEFG A’'B’C’HIJK 
(n — 14) (n — 14) (n — 14) © 
ss Pah mg 
~~ 74 be sv, 
AS A Ne va 
5 Sle 
ne 
ABCDEFG ABCDEFG 
ABCDEFG ABCDEFG 
_ABCDEFG ABCDEFG 
A'B'C'D'HI A'B’C’HIJK 
[Hybrid 2n — 28; [Hybrid 2n — 28; 


4 (iv) + 3 (iii) + 3 (i) 3 (iv) + 4 (iii) + 4(D] 


Here again the reduced gamete of the allotetraploid mother has 
contributed gametes each with one full A genome (chromosomes A-G) 
and also seven more chromosomes at random from A, A’ and B genomes. 


The third hybrid of this cross is a hexaploid (2n—42) and i 
the result of fusion of an unreduced egg with Re criegs dinioid ost 
male gamete. Consequently the genomic constitution of the hexaploid 
f TRE: B and it forms a maximum association of 3(v) + 4 (iv) 
+ i). 


3. Allotetraploid x diploid P. typhoide.s—The single 35-ch - 
somed plant produced in this cross may be due to an ihteddeeeeeed 
fertilized by a haploid sperm and evidently possesses the genomes 
AAAA’B and forms a maximum association of 7 (iv) + 7 (i). 
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The reciprocal of the above cross has also resulted in a pentaploid 
and a triploid plant. The chromosome constitution of the latter was 
reasoned out to be AAA’BBB’CCC’DDDD’EEEE’FFGG (Raman 
and Krishnaswami, 1959); here again the reduced gamete of the allo- 
tetraploid has contributed one full A genome in addition to seven 
chromosomes at random from A and A’ genomes but not B. 


In all the above selfed and cross progenies of the allotetraploid, 
the incidence of aneuploids has not been met with. though evidences 
for the production of aneuploid gametes in the allotetraploid mother 
are known (Krishnaswamy and Raman, 1956). It is therefore evident 
that gametes with aneuploid numbers probably are not viable. But the 
14-chromosomed gametes do function irrespective of their constitution. 
It is also evident that. the allotetraploid produces a number 
of unreduced gametes. It may be probable that unreduced gametes 
are functional more on the female side than on the male, since the 
meiosis in the microsporocytes has not revealed any evidence for 
formation of unreduced gametes (Krishnaswamy and Raman, 1956). 


The hexaploid derived in the cross between allotetraploid and auto- 
tetraploid possesses the genomic constitution AAAAA’B but the charec- 
ters of the wild parent P. purpureum are still expressed indicating the 
high degree of dominance of the B genome over as many as five 


A genomes. 
SUMMARY 


A selected allotetraploid Pennisetum (2n—28) produced two 42- and 
one 28-chromosomed plants on selfing, two 28- and one 42-chromosomed 
plants on pollination with autotetraploid P. typhoides and one 35-chromo- 
somed plant on pollination with diploid P. typhoides. The genomic 
constitutions of these seven derivatives of the allotetraploid have been 


analysed. 
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CALCICOLE AND CALCIFUGE PROBLEM IN 
EUPHORBIA THYMIFOLIA LINN. 


By P. S. RAMAKRISHNAN 
Department of Botany, Banaras Hindu University, Varanasi-S, India 


(Received for publication on August 21, 1959) 


CatcicoLous plants or ‘calcicoles’ are commonly defined as plants 
growing in neutral or alkaline soils rich in calcium. Calcifugous plants 
or ‘calcifuges’ are defined as plants growing in calcium-poor, acidic 
soils. Daubenmire (1947) states that there is a gradation of tolerance 
and/or requirements of calcium among plant species. Hence, it is but 
natural that the flora developed in calcareous soils and non-calcareous 
soils are distinctive of each habitat (Pesola, 1928; Webb, 1947; Coombe 
and White, 1951; Whittaker, 1954; Walker, 1954; Kruckeberg, 1954). 


The restriction of calcicoles to calcareous soils and calcifuges to 
non-calcareous soils may not be explainable on the basis of a single 
factor. Christ as early as 1897 recognised calcicole and calcifuge species 
in the genus Achilla and attributed their restricted occurrence to compe- 
titive advantage of these species in their respective habitats. Tansley 
(1917) has recognised a calcicolous species in Galium sylvestra and a 
calcifugous species in G. saxatile and accounts the phenomenon as due 
to germination, competition and growth performance of the two species 
in calcareous and non-calcareous soils. Rayner (1921) working upon 
the calcifuge habitat in Calluna vulgaris attributes the absence of this 
species in calcareous soils as due to delayed and poor germination of 


the arrested growth and parasitic effect of the originally symbiotic 
ungus. 


Workers in the field hold different views in explaining the behaviour 
of the calcicoles and calcifuges. Pearsall and Wray (1927) consider 
the * basic ratio’ (K + Na)/Ca as the main factor responsible for the 
distribution of plant species. Rayner (1921) suggests three possibilities 
for the absence of clacifuges from calcareous soils—(i) the presence 
of a toxic substance in calcareous soils, (ii) low H-ion concentration 
of the soil solution, and (iii) the difference in the effective concentration 
of the soil solution. Salisbury (1920) divides calcicoles into (i) Pseudo- 
calcicoles—plants which frequent calcareous soils on account of the 


physical features of such soils, and (ii) oxyphobics—plants that are 
intolerant of high acidities in soil. 


_ In Euphorbia thymifolia Linn., two ecotypes have been recognised: 
(i) the red form and (ii) the green form. The former grows in cal- 
careous as well as non-calcareous soils while the latter can thrive only 
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in calcium-poor soils (Ramakrishnan, 1958). These two, by 
interbreeding, give rise to three intermediate forms. 


BREEDING BEHAVIOUR OF Euphorbia thymifolia LINN. 


Before we enter into a discussion of the ecological distribution 
pattern in this plant, it will be worth while to note the breeding behaviour 
of the two ecotypes—the red form and the green form. 


Prior to any breeding programme, the construction of floral parts 
and the time of dehiscence of anthers, etc., have to be noted. In 
E. thymifolia, the male flowers which are represented by single stamens 
are raised to a higher level by the elongation of the stalk at the time the 
anthers are mature. The dehiscence occurs by a split of the anther 
lobes. The time of dehiscence of anthers is found to be between 8 A.M. 
and 12 NOON with 9A.M. to 10 A.M. as the peak hour. 


Due to the minuteness of the plants as such, and the floral parts in 
particular, special methods had to be devised for selfing the plants. This 
has been achieved by enclosing whole of the potted plant with trans- 
parent cellophane paper and making provision for aeration through wide 
glass tubes plugged with cotton. 


The red form has a red colour developed throughout the plant body 
while the green form is completely green with no reddish tinge on it. 
Two plants belonging to the two colour groups were selfed separately 
and 50 plants were raised up in each case from the seeds thus obtained. 
The progenies in each case were found to be same as the parent plant, 
thus confirming the homozygous nature of the parents. 


In the green form all the inflorescences were removed carefully 
except a few young ones and from these too, the anthers were removed 
with least injury to the central gynoecium. The dehiscing anthers 
from the red form were removed by means of fine forceps and touched 
upon the stigmatic head of the green parent. This process was repeated 
daily with the same two plants, till fruit formation. Two plants raised 
up from the seeds thus obtained were of an intermediate type—greenish 
throughout the plant body except on the undersurface of the leaves, 
especially along the veins where there is development of red anthocyanin 


pigments. 


The F, generation of plants were found to follow a ratio of 15: 1 
in which 15 include four grades of redness and the | being complete 
green. To be more precise, the F, ratio is recognisable m.15476:421, 
starting with pure red form and ending in the jgreen form with three 
intermediates. An analysis of the progeny is given in Table I. 


ferring to y? table for a degree of freedom n= 4 and 
Ve ae) : is ste Pe 9-488 which is higher than the observed value 
(0-81 and 0-564) and hence the assumption that the observed ratio is 


~1:4:6:4:1 is correct and the deviation of the observed from the 


expected values is only due to chance. 
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TABLE | 


Inheritance of anthocyanin pigmentation in Euphorbia thymifolia 


(F, generation) 


F, plant No. | F, plant No. 2 
i 176 104 
Total No. 
of plants 
raised Different grades of Red Green Different grades of Red Green 
@)@ @ 
rr rr 
Observed 
Ratio 9 46 64 47 10 7 27 aT 25 8 
Expected 
Ratio 11 44 66 44 11 6-5 26:0 39:0 26:0 6:5 
Deviation 2 2 2 3 l 0-55. 1-0. 2-0 Ona 
x” = 0°81 x? = 0-564 


The whole scheme following Nilsson-Ehle (1908) may be represented 
as follows: 


Parent R,R,RsRy x 


TP yloly 


F, generation Ryr, Ror, 


F, genera- Ryrs RyRyRetg RyRytery = RyrRer. Ry ryrers 
tion 
ee RumRsR, RyyRery  mmMRsRy yr Refs 


TT RyrRors RyryPors rrRorp TyMyPelo 


Thus, five forms have been distinguished based u 
development of the red pigment and the actual colour 


by referring to a standard colour chart, is given for eac 
variants. 


pon the degree of 
of the plant body, 
h of the genetical 
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1. Red form (&) this is pure breeding. The stem, petiole of 


leaves and floral parts are red in colour. The leaves also have a reddish 
tinge on them, prominently so along the veins on the undersurface of the 
leaves. 


Stem, p2tiole of leaves, veins on the undersurface of the leaves. 
floral parts—Peony (Maerz and Paul, 1930; Pl. 7H, 6). 
Leaf, upper side—Aspen green (Maerz and Paul, 1930; Pl. 31 E, 6). 


Leaf, lower side—Artemesia green (Maerz and Paul, 1930: 
Pl30 Fy2). 


"ee (&) The red colour is less deep and less prominent than 


in the above form. 


Stem, petiole of leaves, floral parts—Fawn or Sandalwood (Maerz 
and Paul, 1930; Pl. 14A, 7). 


Veins on the undersurface of Pape eulana (Maerz and Paul, 
19305 Pll? 7sG; - 5). 


Leaf, upper side—Almond green (Maerz and Paul, 1930; 
Phi 30-E,°6): 


Leaf, lower side—lighter than upper side (Maerz and Paul, 1930: 
PI 30°A,, 6). 


ae Ce) this is the hybrid obtained in a cross between the red 


and green forms. The plant is completely green,-the red colour being 
confined only to the undersurface of the leaves more prominently along 
the veins. 


Stem, petiole of leaves, floral parts—Calla green (Maerz and Paul. 
1930 2% Pl? Lcd), 

Leaf, upper and lower sides—Russian green (Maerz and Paul, 
£930s,P15-304D3-<7): 


Veins on the undersurface of leaves—Tapestry red (Maerz and 
Pawlit930 :4Phe2h 35-5), 


EG) —the reddish tinge is very light being confined only to 


the midrib on the undersurface of leaves. 

Stem, p2tiole of leaves and floral parts—Courge green (Maerz 
and Paul, 1930; Pl. 21 L, 3). 

Leaf, upper side—Silver pine (Maerz and-Paul; 1930; Pl. 20.E;- 5). 

Leaf, ie side—Lighter than upper side (Maerz and Paul, 1930; 
Pl. 30A, 4). 

Midrib on the undersurface of leaves—Sultana (Maerz and Paul, 
19307 -Plk2rG.- 5), 
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5. Green form(?).—This is pure breeding form and the plant 


body is completely green. 


Stem, petiole of leaves, floral parts—Courge green (Maerz and 
Paul, 1930; Pl. 21 L, 3). 


Leaf, upper side—Silver pine (Maerz and Paul, 1930; Pl. 30 E, 5). 


Leaf, lower side—Lighter than upper side (Maerz and Paul, 1930; 
Pl. 30 A, 4). 


The pattern of inheritance of pigmentation detailed above is 
confirmed by raising F,; populations of the various forms. 


(1) Red form (R,R,R2R:2).—S2 F, plants raised up following the 
usual procedure for selfing were found to be of the same type as the 
parent plant showing the pure nature of the parent. 


(2) RyR,Rors Or RyryR,Ro—82 F, plants raised up segregated in 


a ratio of @): (®):&)- 1:2: 1 and the results are given in 


Table I. 
TABLE II 
F, generation: Ryr,R,R, or R,R,Rer. 
Total number of plants raised = 82 
Different grades of Red 
RR 
Observed ratio es 4. 19 44 19 
Expected ratio y ¥ 20-5 41-0 20:5 
Deviation .. by bs -1°5 3:0. 1-5 


x? = 0-439 


For n = 2 and P = 0-05, the value from x? table is 5-991 which 
is much greater than the value calculated. Hence, the segregation 


Gia): G): (&)- 1:2:1 is correct, 


CALCICOLE AND CALCIFUGE PROBLEM 71 
(3) RyrRer2.—This is genotypically the same as the F, progeny 
and F; plants segregate in a ratio of 1:4:6:4:1 (Table III), : 


TABLE III 


F, generation : R,r,Ror, 
Total number of plants raised = 74 


Different grades of Red Green 
© 
RR 
Observed ratio pera 19 28 19 4 
Expected ratio ith Ae G2 LB) Teo 18-5 4-625 
Deviation .. me OF 625 0:5 0-25 0:5 0-625 
= 0-208 


The observed value 0-208 is much less than the value 9-488 given in 
x? table for nm = 4 and P = 0:05. Hence, the deviation from the expected 
ratio is only due to chance errors. 


(4) RyRifvs’, Or 1yr,R,Ro.—This form is phenotypically same as 
R,t,R.r,, but genotypically different in that there is no segregation in 
the ratio 1:4:6:4:1. 58 F, plants raised were found to give rise to. 
the same type of progeny. 


(5) RiryFols OF ry Rofo.—122 F, plants were raised up and the results 
are set in Table IV. 
TABLE IV 


F, generation: Ryryfof. OF 141 ,Rers 
Total number of plants raised = 122 


@®@®O®- 


Observed ratio fis At 64 31 


Expected ratio hae USS 61 30-5 
Deviation .. ee Peco 3 0:5 


x2 = 0-566 
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From X2 table, for n = 2 and P = 0:05, the value is 5-991 which 
is much higher than the calculated value 0-566. Hence, the segregation 


G): @:@) == 1:2:1 is correct. 


(6) Green form (ryryzrz2).—58 F, plants of this form were raised 
up and they were found to breed pure which is according to expectation. 


Thus, a study of F, generation confirms the F, ratio obtained. 
This type of inheritance comes under ‘ mu'tiple factor hypothesis’ or 
‘duplicate factor hypothesis’ and was first discovered by Nilsson-Ehle 
(1993) in the case of the pigmentation in the kernels of the two strains 
of wheat. This concept of Nilsson-Ehle (1908) was quickly extended 
by East (1910) and confirmed later by further experimental work. Thus, 
for example, the awned versus non-awned condition in rice is also governed 
by a duplicate factor (as quoted by Chandrasekharan and Parthasarathy, 
1953). 


DISTRIBUTION OF ANTHOCYANIN PIGMENTS 


The anthocyanin pigments are confined to the epidermal cells only. 
Som>times, a few of the sub-epidermal cells also may have this pigment. 


CALCICOLE AND CALCIFUGE HABIT 


With a knowledge of the breeding behaviour of the various forms 


of E. thymifolia just discussed, it would be interesting to study their 
ecological distribution. 


Of the five forms, and { ae ) are found to grow in calcium-rich 


soils as well as in soils poorer in exchangeable calcium; the other three 


rorms(#) ‘ (and ©) are restricted to calcium-poor soils only. 
Hence, (&)and (i) may be termed as facultative calcicoles, while 
(5) Rr }and G) may be termed as obligate calcifuges. The reason 


for using these two terms will be appreciated after the ecological behaviour 
of the various forms in relation to soil calcium is discussed in detail. 


The soil analysis data regarding pH, exchangeable calcium content 
and carbonate content for the above two groups are set in Table V. 


_ From Table V,it is seen that the exchangeable calcium is the most 
significant factor that governs the distribution cf facultative calcicoles 
and obligate calcifuges, 
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TABLE V 


Soil analysis data for Euphorbia thymifolia 


Exchangeable Carbonate 
calcium. content pH Remarks 
(mgm. eq. %) (Zs) 
18-00 07125 6:5 Only facultative calcicole 
grow 

18-50 0-236 8:0 

20-CO 0-614 7:9 

30-10 3-625 7:9 

35-85 1-6¢0 8-3 

49-50 5-044 7°5 

52-00 3-016 8-5 “ 

56-CO 2-896 8:4 % 

84:00 57250 7:9 _ 
4-50 0-118 SEO All the 5 forms grow 

together 

4-75 0-018 7:4 9 
5:30 0-138 7°5 fe 
7-00 0-130 7:4 A 
8-40 0-755 esd fs 

11-20 C-920 7:8 He 

11-50 1-010 7°5 3 


To examine the ecological relationships between the red form and 
the green form and to analyse the factors responsible for their distri- 
bution, detailed culture experiments were undertaken. The following 
types of soils were prepared in two sets of culture pots: 


1. Equal amounts of garden soil and sand. 


2. Soil from the region, where all the five forms grow together 
(calcium-poor soil). 


3. Soil from a locality where only the facultative calcicoles grow. 


4. Soil with about 30 mgm. eq. % of exchangeable calcium by 
addition of lime. 


5. Soil with about 38 mgm. eq. % of exchangeable calcium. 
Soil with about 48 mgm. eq. % of exchangeable calcium. 


7. Soil with about 50 mgm. eq. % of exchangeable calcium. 


The detailed soil analysis data are set in Table VI, 
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TABLE VI 


Analysis of soils in culture pots 


Pot numbers 
Observations §§=—————-—_——— 


I 2 3 a a 6 7 

Red pH "3 Pree 7:6 8-3 8-3 8-3 8-4 10-1 
form } Exchangeable cal- 

cium (mgm.eq.%) ..- 10-4 25-8 30:0 38:0 48-4 50:5 
Carbonate content 

DAR Ge ends. 5 0:24 0-10 1-38 41:79 2:93 4-40 

Green (pH ze ee 7:6 8-3 8-3 8-4 8-4 10-2 
form \ Exchangeable cal: 

cium (mgm.eq.%) .. 9°8. (249 . 320) »\37°2. ., 48429341 
Carbonate content 

(Oey ee ae oe N's 0-2r 1-10 1:38 1-76 2:80 4-50 


100 seeds of each of the red form and the green form were put for 
germination in each of the two sets of pots. It was found that the seeds 
from the red form always give rise to the same type of plants only, in 
all the soils, but the seeds from the green form give rise to both red 
and green plants in calcium-poor soils. However, in calcareous soils. 
only the red plants grew (Table VII). This anomaly in the green form 


is now explained as due to the presence of seeds of (and () also 


along with those of 


TABLE VII 


Germination of the seeds of Euphorbia thymifolia in soils maintained 
at different levels of calcium . 


SS ee 


% germination in different pots 


Type of plant 
2 3 4 5 6 


Red form .. 49 40 48 49 10 5 
Green form .. red 23red 24red 20red Sred 2red 


57 green 
EL Carer 
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- Pot Numbers: 


1. Equal proportion of sand and garden soil. 


2. Soil where facultative calcicoles only grow. 

3. Soil with about 30 mgm. eq.% of exchangeable calcium 
Be ake “6 weeO bons s # e 

ope oe . BOE oe. rae is nf 

Gunes 5 m Gite A i, Ms Be 


From Table VII, it is also seen that the red form gives fairly good 
percentage germination in all the culture pots except the last in which 
ete low percentage appears to be due to the abnormally high pH 
of the soil. 


To study the effect of calcium on the performance of the plant in 
calcareous and non-calcareous soils, two plants were allowed to grow 
in each of the pots of the two sets. It is found that the performance of 
the green form expressed on the basis of dry weight of the shoot is much 
affected in calcareous soils, the best performance being obtained in 
calcium-poor soils only (Plate II, Fig. B; Text-Fig. 1). In calcareous soils 
the green form remains stunted and exhibits chlorosis. From a study 
of the root/shoot ratio for these forms, it is to be noted that the values 
for this increase considerably in high dosages of lime (Text-Fig. 2). This 
is due to the profuse development of roots compared to shoots in cal- 
careous soils (Plate II, Fig. B). 


Fairly good growth is obtained for the red form in all the pots 
except the one with about 50 mgm. eq. % of exchangeable calcium, 
in which case the performance of the plant appears to be affected by the 
abnormally high pH of the soil as seen from Table VI (Plate IH, Fig. A). 


From these experiments, it is seen that the germination behaviour 
and later growth performancein calcareous and non-calcareous soils 
of the facultative calcicoles and the obligate calcifuges are responsible 
to a great extent for their distribution pattern in nature. 


Captain Marsh (as quoted by Tansley, 1917) has devised a method 
intended to separate the effects of shoot competition from that of root 
competition. A wooden box is divided into two equal compartments 
by means of a sheet of glass and both the compartments are filled with 
soil. When plants are grown on each of the two sides of this glass sheet, 
root competition between them is avoided. ‘In other boxes, the glass 
sheet is put just in the surface layers of the soil and allowed to stand 
several inches above it, so that it would completely separate the shoots 
of the plants, but would leave the roots free to penetrate on either side 
below the glass and compete with each other. 


By making use of the above-mentioned method, it has been seen 
that root competition between facultative calcicoles and obligate calci- 
fuges suppresses the establishment of the latter in calcareous soils. In 
such soils, the young seedlings of the obligate calcifuges died away 
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Text-Fics. 1-3. Euphorbia thymifolia Fig. 1. Relationship between exchange- 
able calcium in the soil and dry weight of the shoot, in cultures, in red and green forms. 
Fig. 2. Relationship between exchangeable calcium in the soil and root/shoot ratio 
(dry wt. basis), in cultures, in red and green forms. Fig. 3. Correlation between 
exchangeable calcium in the soil and total plant calcium of facultative calcicoles 


(F.C. forms) in celcium-poor and calcareous soils and that of obligate calcifugcs 
(O.C. forms) in calcivm-poor soils. 


wherever root competition was allowed to take place. However, in 
non-calcareous soils, competition has no ill-effects in the establishment 
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of any of the five forms, thus making it possible for all the forms to grow 
side by side. : 


For a better understanding of the calcicole and calcifuge problem 
in this species, a detailed analytical study of plant calcium was thought 
to be of some help. For this, a composite mixture of the fully mature 
plants of the facultative calcicoles and obligate calcifuges were analysed 
separately. This procedure was adopted due to the similar ecological 
behaviour of the forms coming under facultative calcicoles and obligate 
calcifuges. The results are represented in Text-Fig. 3. 


The calcium content of a number of weeds growing in Varanasi 
has been given by Singh and Singh (1939). Their data are given in 
Table VIII for the sake of comparison. 


TABLE VIII 


Calcium content of some weeds of Varanasi (as 
given by Singh and Singh, 1939) 


Calcium oxide 


No. Species (% of dry weight 
of plant) 
| Eclipta alba L262 
2  Anagallis arvensis .. 212 
3. Euphorbia thymifolia Del 
4 Asphodelus tenuifolius 2-41 
5 Scoparia dulcis 2-46 
6 Leucas urticaefolia 2°89 
7 Solanum xanthocarpum 236 
8 Digera arvensis 4-45 
9 Cassia occidentalis 5°55 


Plant calcium for~the facultative calcicoles vary from 1-35 to 
1:87°% of calcium (1-875 to 2+618% of calcium oxide) and for the 
obligate calcifuges between 1-56% and 1-95% of calcium (2-184 to 
2-730% of calcium oxide) on the basis of dry weight of plant, as 
seen from Text-Fig. 3. A comparison of the results obtained with that 
given in Table VIII shows that the calcium content of the facultative 
calcicoles and the obligate calcifuges of E. th) mifolia is much Icwer than 
that of plants like Cassia occidentalis. Digera arvensis and Solanum 
xanthocarpum. 
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It is also found that the facultative calcicoles in general have a 
higher percentage of plant calcium in calcium-poor soils than in cal- 
careous soils. Obligate calcifuges have more or less the same amount 
of plant calcium as the facultative calcicoles growing along with them. 


DISCUSSION AND CONCLUSION 


The problem of calcicolous and calcifugous habit of plants has 
been agitating the minds of botanists for a long time and various expla- 
nations have been put forward from time to time for this phenomenon. 


In E. thymifolia, the five forms have been grouped under two heads: 
(i) Facultative calcicoles, and (ii) Obligate calcifuges. The factors 
controlling the occurrence of the facultative calcicoles in calcareous as 
well as non-calcareous soils and the confinement of the obligate calci- 
fuges to calcium-poor soils resolve into three separate phases: (1) ger- 
mination, (2) seedling establishment and competition, and (3) growth 
performance. 


The importance of germination of seeds with reference to their 
influence on the formation of associations have been stressed by Hanson 
(1958). Thus, the sensitiveness of the seeds of the obligate calcifuges 
seems to be a factor of importance in the restriction of these forms to 
calcium-poor soils. Tansley (1917) has also made a similar observation 
with regard to the calcicole and calcifuge species of Galium. 


Salisbury (1930, 1936) and Salisbury et a/. (1933) have emphasised 
the importance of juvenile phase in natural selection. Christ (1897) 
in Achilla and Tansley (1917) in Ga/ium have observed that the elimina- 
tion of calcicolous species of these genera from non-calcareous soils 
and calcifugous species from calcareous soils is affected by competition 
between the species of each genus. The present study reveals that the 
seedlings of the obligate calcifuges are eliminated from calcareous soils 
due to root competition with the facultative calcicoles. However, 
in non-calcareous soils, competition is ineffective, thus enabling the 
survival of all the five forms side by side. Recently Kruckeberg (1954) 
has reported that a number of plants are restricted to serpentiné soils 
by intolerance of the more rigorous competition in non-serpentine 
plant communities. Under cultural conditions, even if the obligate 
calcifuges of E. thymifolia are freed from competition, the plants exhibit 
stunted growth and ‘lime chlorosis’, an observation also made by 
Tansley (1917) in Galium saxatile and McVean (1953) in Alnus glutinosa. 


Calcifuge habit has always been associated with an acidic substra- 
tum. The present study reveals that the pH of the soil is of lesser 
consequence in the distribution of calcicoles and calcifuges as there 
is not much appreciable difference observable in this factor in calcareous 
and non-calcareous soils at Varanasi. Thus, it appears that the calci- 
fuge habit in the tropics is not necessarily accompanied by acidity of the 
substratum. Pearsall and Wray (1927) came to the conclusion that 
pH is not a predominant factor in the distribution of calcifuges and that 
the basic ratio (Na + K)/Ca is of greater importance. De Silva (1934) 


. a 
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points. out that exchangeable calcium in the soil is a very important 
factor for calcicoles and calcifuges and that calcium carbonate in soil 
iS oH lesser consequence, a conclusion also derived from the present 
study. 


Singh and Singh (1939) have estimated the calcium content of a 
number of weeds growing in Varanasi. For the so-called calcium weeds 
like Cassia occidentalis and Digera arvensis, they obtained values as high 
as 5:55% and 4-45% of calcium oxide respectively, on the basis of dry 
weight of the plant. Such high values for plant species does not imply 
that they are calcicolous in habit. Misra and Siva Rao (1948) therefore 
rightly point out that the so-called calcium weeds need not be calcicolous. 
They have obtained a definite correlation between exchangeable calcium 
in the soil and plant calcium. On the contrary, the values for plant 
calcium are markedly low in E. thymifolia. It is interesting to find that 


the calcium content of (8) ana in calcareous soils is lower than 


that in non-calcareous soils. ‘This fact is of great significance in that it 
means a poor uptake of calcium by these plants in calcareous soils than 
in calcium-poor soils. In fact, one may expect a high calcium content in 
these plants in calcareous soils, by virtue of their occurrence in soils having 
high exchangeable calcium: The above results, therefore, lead one to the 


conclusion that (i) ana a ) are calcicolous not by preference, but 


just because of their surviving capacity in calcareous soils. In 
other words, they are facultative calcicoles. The other three forms 


(). Gan) thrive only in calcium-poor soils and hence are 


termed as obligate calcifuges. 


Kruckeberg (1954) has observed in the case of * bodenvag species ’ 
(those occurring on and off serpentine soils) that the serpentine species 
are more tolerant of low calcium levels in the soil than the non-serpentine 
strains. He has shown, further, that in most cases the populations on 
serpentine are ecotypically distinct from those on non-serpentine soils. 
In E. thymifolia too, two ecotypes are recognisable: (i) the red form and 
(ii) the green form, the former tolerant of high calcium levels in the 
soils and the latter exclusively confined to calcium-poor soils. 


SUMMARY 


In Euphorbia thymifolia Linn., two interbreeding forms were ob- 
served in the field—(i) the red form, having a red colour throughout 
the plant body and (ii) the green form. Upon hybridisation, the F, 
plants segregate in the ratio 15: 1, in which 15 represent different grades 
of red colour of the plant body and the 1 being pure green form. Thus, 
altogether five forms have been recognised with an F, ratio of 
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LS Ge -4:6:4:1. These are found in 
RR 2) (8): 


nature also. It is found that the first two forms mentioned above can grow 
in calcium-rich soils and calcium-poor soils while the latter three ferms 


can thrive only in non-calcareous soils. . (28) ana Ga) have been 


termed as facultative calcicoles and the other three as obligate calcifuges. 
The obligate calcifuges are very sensitive to calcium with regard to their 
germination and seedling growth. Moreover, the absence of calc fige 
forms in calcareous soils is accounted for as due to severe root ccmpe- 


tition between &) (i) ma Be) versus ( 5 , ( “4 and ( oe ). It has been 


discussed that the calcifuge habit of plants in the tropics is not necessarily 
accompanied by acidity of the substratum. Thus, two ecotypes have 
been established in EF. thymifolia: (i) the red form ard (ii) the green 
form, the former being tolerant of calcareous as well as non-calcareous 
soils and the latter thriving only in ncn-calcareous soils. 
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EXPLANATION OF PLATE II 


Fic. A. The red form growing in soils with different levels of calcium in the soil. 
1 to 7—increasing amount of exchangeable calcium. x 4 nat. size. 


Fic. B. The green form growing in soils with different levels of calciumin the soil- 
1 to 7—increasing doses of exchangeable calcium. x 4 nat. size. 
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INTRODUCTION 


IN earlier contributions (Ranjan and Das, 1957 and Das, 1959) the author 
has already emphasised the importance of leaf analysis as a means of 
crop nutrition studies. In the present investigations also nutrient 
concentration of the leaf has been taken as an index of their availability 
in the soil. 


A mass of literature exists on the effect of potassium fertilizer on 
various aspects of growth and nutrient uptake by the plants. Hartt 
(1929) was able to secure a gradation in growth of sugarcane correlated 
with the gradation in the amount of potassium supplied. It was noticed 
by Harrison (1929) that for maize potash exhibited depressing effects. 
On the other hand Wadleigh (1939) found that the growth of cotton 
plants was directly related to the level of potassium. Working on oats 
McClelland (1931) had shown that potash alone gave no benefit. James 
(1930) conducted field experiments and noticed that there was a decrease 
in leaf number with potassium treatment and Raheja and Misra (1955) 
reported that potassium sulphate applications depressed tillering. Studies 
on growth and yield response with potassium singly and in combi- 
nation with other fertilizers had been performed by Colwell (1947), Lal 


and Prasad (1947), Dunton (1949), Lal and Subba Rao (1952), 
Chandnani (1954), etc. ; 


Smith and Butler (1921) working on the relation of potassium to 
growth of wheat and corn plants in nutrient solutions found that the 
potassium absorbed per gram of dry matter formed was higher in plants 
growing in the presence of potassium than in the plants growing in its 
absence. Working on several kinds of plants Bartholomew and Janssen 
(1929, 1931) have reported many interesting findings on the absorption 
and utilization of potassium. . Schertz (1929) found that with fertilizers 
high in potash, potato leaves contained the least potash while cotton 
leaves contained most potash. Pettinger (1931) found that potassium 
in the plant showed nearly perfect correlation with potassium fertilization. 
In a greenhouse study of the absorption of potassium by barley and 
tomato plants Hoagland and Martin (1933) established a high correlation 


a 
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between the percentage of potassium in the dried vegetative tissue and 
the response of the plant to the potassium fertilization. Rajagopal 
and Iyengar (1938) reported that potash treatment did not give consis- 
tently striking increases in K concentration. Studies on the effect of 
potassium on the growth status and metabolism of tomato plant 
had been reported by Wall (1940) who stressed that potassium-deficient 
plants were characterised by a much higher nitrogen content than plants 
receiving the complete nutrients. Cooil (1948) reported that large 
differences in the tissue contents of potassium were produced by varia- 
tions in the potassium concentration of the nutrient solution. Studies 
on the mineral content of barley plants in relation to potassium deficiency 
had been made by Goodall (1948) wherein he found a correlation between 
the increases in grain yields due to potash application and K content 
of older leaf blade. According to Krantz and Chandler (1951) the uptake 
of potash and nitrogen increased by potash and nitrogen application 
respectively. 


MATERIAL AND METHODS 


Experiments were conducted under field conditions on sandy loam 
soil of the Farm. Hordeum vulgare L. (Barley) var. C. 251 was grown 
receiving sulphate of potash at five different levels, 35 days after sowing 
of the seeds. The plan of the experiment was laid out after the simple 
replicated design, with tour blocks each subdivided into six plots to 
accommodate all the treatments. The treatments were 20, 40, 60, 80 
and 100 lb. of K,O per acre apart from the no fertilizer treatment which 
served as a control. The growth record for morphological characters 
such as height, tiller number, leaf number, leaf area and leaf and stem 
dry weight were collected at three stages in the life-cycle of the plants 
synchronising approximately the three physiological stages. These 
were tillering, heading and milky grain stages falling at 50, 70 and 
90 days respectively from the date of sowing. Five plants were selected 
at random from each plot at each sampling date for recording the above- 
mentioned data. 


The number and weight of ear per plant, length, spikelet number 
and number of grains per ear as also test weight of grains were recorded 
at the time of harvest. The final yield of grain and straw were also 


taken. 


For leaf analysis fully developed, healthy and green leaves of 
approximately the same age and expansion were collected at all the three 
physiological stages. These leaves were washed free of adhesive particles 
and dried in an oven at 80°C., powdered and stored in airtight bottles 
to be used for the determination of nitrogen, phosphorus and potassium. 
Nitrogen was estimated by the Gunning method (A.0.A.C., 1945); 
phosphorus by the colorimetric micro method (A.O.A.C, 1945) and 
potassium by the cobaltinitrite method (Piper, 1944). Data were statisti- 
cally analysed. Analysis of variance was done and ‘F’ test was 
employed to evaluate the significance in each case. 
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EXPERIMENTAL RESULTS 


Potash treatments did not exert any significant influence on the 
vertical growth of the plants at the vegetative stage but at the heading 
and milky grain stages it was significant (Table I). Maximum height 
was recorded in 20 K * treatment at the vegetative stage but beyond this 


TABLE | 


_ The effect of potassium dressings on the growth characters of barley 
plant at different physiological stages in its life-cycle 


Growth K,0 Ib./acre 6% al SDeeeun 
stages 0 20 40 60 80 100 % 1% 
con | ee 
Vertical growth (height in cm.) | 
Vegetative . 39°69 43°27 40°31 38-58 40°07 37-67 1-463 | 4-408 6-096 
Heading 60:96 65:02 68:80 62:83 59-78 61-00 1-663 | 5-011 | 6-920 
Milky grain «+| 90°24 93°64 94-07 84:09 80°69 80-04 | 2°307 | 6-951 | 9-613 
Tiller number (per plant) | 
Vegetative 3°05 3:40 3°45 2-80 2-65 2-70 0-206 | 0-621 | 0-858 
Heading 3-60 3-80 395 = 3+20 2-75 285 | 0-254 | 0-765 | 1-058 
Milky grain on 2-70 3°05 3+20 2-70 2-40 2°25 | 0°239 | 0-720 | 0-995 
Leaf number (per plant) ) | 
Vegetative 12-20 14°20 14:70 12-00 11:60 11-95 1+289 | 3°884 | 5°371 
Heading 14-50 16°65 15°65 12-85 11:25 11-00] 0-883 | 2-261 3-679 
Milky grain . 10°25 12°30 10°75 11°45 9°27 8-30 0:676 | 2°036! 2°816 
Foliage expansion (area, sq. cm./plant) ) 
Vegetative 193-25 217-93 225-91 170-33 179+44 145-14 | 18-053 | 54°397 | 75+ 227 
Heading ++| 248-93 283-15 269-61 205-45 179-19 193-04 | 24-700 | 74-470 |102-943 
Milky grain +| 234+35 253-23 225-48 222-85 176-60 153-91 | 17-590 | 53-030 | 73-303 


there was a gradual fall up to 100 K. At the heading and milky grain 
stages there was a rise up to 40 K and beyond it a depressing effect was 
noted on the height of the plants. Potash treatments had a significant | 
effect on the rate of tiller production at the vegetative stage where an 
inciease up to 40 K was noted and beyond this there was a decline in 


*20 K, 40 K, 60 K, 80 K and 100 K stand for 20, 40, 60, 80 and 100 Ib. of K,O 
per acre respectively. 
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tiller number (Table I). At the heading stage the increase in tiller 
number from control up to 40 K treatment was insignificant. The 
depression in 80 K and 100 K was also insignificant. There was a 
reduction in tiller number at the milky grain stage as compared to earlier 
stages. Number of leaves per plant exhibited a significant treatment 
effect at the heading and milky grain stages whereas at the vegetative 
stage it was insignificant (Table I). A rise in leaf number was recorded 
in 20 K and 40 K treatments as against control at the vegetative stage 
and thereafter a decline. At the heading stage maximum leaf number 
was noted in 20 K. At the milky grain stage also maximum leaf number 
was seen in 20 K treatment. There was no significant effect of potash 
treatment on the foliage expansion at the vegetative stage (Table 1). 
An increase in leaf area was recorded from control up to 40 K treatment. 
Higher doses led to a reduction in leaf area. At the heading stage 
maximum leaf expansion was recorded in 20 K and doses higher than 
this and up to 100 K showed lower area. At the milky grain stage in 
general there was a decrease in leaf area as compared to heading stage. 
Maximum foliage expansion was noted in 20 K and minimum in 100 K 
treatment. 


The effect of potash treatment on the leaf dry matter accumulation 
was Statistically insignificant at all the three stages (Table II). In general 
there was a slight increased leaf dry matter accumulation in 20 K treat- 
ment but further additions of potash led to a decrease in the leaf weight. 
With regard to the stem dry matter accumulation the treatment effect was 
statistically significant at the heading and milky grain stages (Table I). 
At the vegetative stage a gradual fall from control up to 60 K 
was noticed. At the heading stage maximum stem dry matter accumu- 
lation was found in 40 K treatment and it was significantly higher than 
control. At the milky grain stage maximum stem dry matter had been 
recorded in 20 K whereas 60, 80 and 100 K treatments brought about 
a significant depression. 


Number of ears per plant showed a significant decrease in 60, 80 
and 100 K treatments over that of control (Table III). Weight of ears 
per plant indicated an insignificant rise in 20 K treatment over that of 
control but further higher doses led to a significant depression. There 
was no significant treatment effect on the length of ears. A rise in 20 K 
was seen as compared to control but further higher dressings of potash 
decreased ear length. Maximum number of spikelets per ear was recor- 
ded in 20 K treatment and minimum in 100 K treatment. A rise in 
grain number per ear was noticed from control up to 40 K treatment. 
Further higher additions of fertilizer decreased the grain number and 
minimum was recorded in 100 K. Absolute weight of grains recorded 
a rise in 20 K, then a subsequent fall up to 60 K and again a slight increase 
in 80 and 100 K treatments. 


Grain yield was significantly affected by potash dressings (Table IV). 
Maximum and significantly higher yield was recorded in 20 K than in 
control. With higher applications of the fertilizer a gradual fall in 


grain yield was recorded which was significantly so in 60 K and higher 
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TABLE II 


The effect of potassium dressings on the dry matter accumulation of 
barley plant at different physiological stages in its life-cycle 


Ks0O Ib./acre 


Growth stages ( SE. /C.D. 5%|C.D. 1% 


0 20 40 60 80 100 


Leaf dry matter (weight. gm./plant) | 
Vegetative ..| 0-571 0-608 0-563 0-518 0-468 0-591 0-039 0-117 | 0-162 
Heading --| 0-680 0°674 0°666 0°554 0°505 0°565 0-047 0-141 ) 0-195 
Milky grain ..| 0°775 0845 0-798 0-669 0-654 0-708 | 0-049 0149 | 0-205 


Stem dry matter (weight, gm./plant) 


Vegetative 0-535 0445 0-430 0-371 0-431 0-446) 0-037] O-111 | 0-154 
Heading 0-746 0-923 1-045 0-674 0-677 0-763 | 0-049 | 0-147 0-204 
Milky grain 2-071 26345 2-004 1-936 1-473 1-513 0-166 | 6-500 0-691 


TABLE III 
The effect of potassium dressings on the ear characters of barley 


KsO Ib./acre < nr 
Oe ee 


Characters “ 
0 20 40 60 80 100 5% 1%" 


Ears/plant (No.) 2-80 3°15 3°05 2-50 2°15 2-40 | 0-195! 0-588 0-813 


Ear weight 3°57 3°87 3°75 2-88 2-78 3-04 0-245 ° . 
(gm./plant) 0-738 1-021 


Ear length (cm.) | 15*88 16°35 15-97 -15+71 16-21-1612 | 0-300 | 0-904 | 1-250 


Spikelet No, 10-76 11-72 10°93 10-62 11-25 10. é t 
(per ear) » 10-10 | 0-458 | 1-380 | - 1-908 


Grain No./ear 25-73 27-15 -27+56 = 2605-26-78 ~—-25+38 | 0-947 | 2-853 | 3-946 


Grain weight 40-70 41-68 40°87 39-62 41- R . : 
(absolute, gm.) 30 40-61 | 0-518 | 1-560 | 2-158 


$A 


treatments as compared to 20 K. Straw yield had also b i 

in 20 K treatment although there was no Sonikcaht idbpeheeae oneal 
to control (Table IV). Further higher additions of potash had signifi- 
cantly lowered Straw production and minimum was recorded in 100 K 
The straw/grain ratio recorded a fall from control up to 40 K treatment. 
Higher potash treatments had higher straw/grain ratio. 


The uptake of nitrogen, as revealed b i 
Liege : y leaf analysis, 
significantly affected only at the vegetative and heading Shines rable V). 


PN Se Ae eget 
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TABLE IV 
Grain and straw yield of barley as affected by potassium dressings 
(Ib./acre) 
; K20 Ib./acre j cv. | cp. 
Vield BO er 1% 
0 20 40 60 80 100 4 : 
Grain 788-37 1031-03 1001-15 758-82 676-40 682-20 | 51-41 | 154-91 | 214-22 
Straw 2030-86 2193-00 1987-30 1919-05 1931-64 1819-83 | 57-75 | 174-04 | 240-68 
Straw/grain 2°57 2°13 1-98 2-60 2-87 2°66 ee 


TABLE’ V 


Effect of potassium dressings on leaf composition at different physiological 
stages of growth of barley plant 


(oven-dry basis gm. per 100 gm.) 


K20O lb./acre CD. bay 
Growth stages f a iG Bs a 8400 Sd, 5% 1%, 
Nitrogen (N) 
Vegetative 2-830 2-950 3:155 2-600 2-750 2-600 | 0-091 | 0-276 | 0-381 
Heading ..| 4-400 4-100 4-200 4°500 4-450 4°605 | 0-103 | 0-312 | 0-431 
Milky grain .-| 3°800 4°005 4:055 4°020 3-820 3-700 | 0-086 | 0-261 | 0-361 
Phosphorus (P205) 
Vegetative 0:3840 0-4839 0-3370 0:-3542 03882 03553 | 0-0100 0-0301 0-0416 
Heading ..| 0°5494 0-6106 00-4015 0-3787 0-3998 _ 0-3647 | 0-0102 | 0:0307 | 0-0425 
Milky grain ..| 0°3863 0°4784 0-5197 0-5398 0:4621 0-:4171 | 0-0196 | 0-0882 | 0-1220 
Potassium (K20) 
Vegetative 4-192 3-809 3°973 3-754 3-993 4:°305 | 0-123 | 0-372 | 0-515 
Heading ..| 4°408  4°898 3-720 3-530 3-435 3:624 | 0-105 | 0-318 | 0-440 
..| 3°354 3°570 3-278 3-156 3:044 2°755 | 0-089 | 0-270 | 0:374 


Milky grain 


A significant rise in nitrogen uptake was found from control up to 


40 K treatment. 
nitrogen percentage in the leaves. 


Further higher applications of potash led to lower 
At the heading stage higher doses 
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led to more of nitrogen uptake than lower doses of 20 K and 40 K treat- 
ments. At the milky grain stage a slight rise in 20 K and 40 K was 
found but in higher treatments there was a gradual decline in leaf nitrogen 
percentage. With increase in age, there was a rise In leaf nitrogen in 
all the treatments up to the heading stage when plants were 70 days 
old but after this a decline was seen in all the treatments. 


At the vegetative stage the uptake of phosphoric acid showed a 
significant rise in 20 K treatment but addition of more potash lowered 
the leaf values (Table V). At the heading stage a significant rise in 
P.O, uptake was noted in 20 K over control but higher doses of 60, 
80 and 100 K recorded significantly lower values. At the milky grain 
stage there was a rise from control up to 60 K treatment in the uptake 
of P,O; by the plants and beyond this treatment a fall was recorded. 
As far as the effect of age on P,O,; uptake is concerned it was seen that 
in the lower doses the uptake continued only up to heading stage and 
thereafter a fall but in higher treatments it continued up to the milky 
grain stage. 


The effect of potassium sulphate dressings on the uptake of potash 
showed a depression in 20 K treated plants at the vegetative stage (Table 
V). There was no regular trend in the potash uptake in higher treatments 
although 100 K recorded maximum and significant value as compared 
to 20 K. At the heading stage maximum potash was noticed in the 
lowest treatment of 20 K. Higher treatments had highly significant 
low leaf potash values. At the milky grain stage 20 K showed an in- 
creased K,O uptake over control but beyond this treatment there was 
a gradual decrease in leaf values with increase in dosage. 


DISCUSSION 


Potassium fertilizer led to a slightly increased linear growth in 
lower treatments (Text-Fig. 1, D) but Lal and Prasad (1947) did not find 
increase in height at low potash treatments. At higher doses there was 
a depressing effect on this character. Similar results were also found 
for tiller and leaf number (Text-Fig. 1, E and F). A fall in leaf number 
was also reported by James (1930) with potash application. It seems 
that meristematic activity was very low in higher treatments due to which 
growth was poor. A decrease in the nutrient content of the leaves 
was also seen which was probably responsible for the poor growth in 
higher potash treated plants. The foliage expansion recorded increased 
values only in lower treatments and that too at the vegetative and heading 
stages (Text-Fig. 1,G). Thus, it seems that there was some favourable 
effect at lowest dose of K,O at the earliest stages of growth but later on 
there was none (James, 1930). 


Dry weight of the leaf and stem also did not show any appreciable 
rise (Text-Fig. 1, H and 1). The leaf and stem dry matter accumulation 
recorded a rise only at the lower doses of potash treatment. Higher 
doses led to a significant decrease which indicated detrimental effect 
of higher potash application. Wall (1940) had also reported a decline 
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Vegetative Stage Heading Stage Milky Grain Stagr 
A Leaf N eed au 
E  3-0§ 4. 
E 5 
2:5 4- 
5 05 0-555 
B Leaf P,0. ce 0-4 +45) 
0-3 0-35 
45 5 
€ Leaf K,0 a 4-0F P 
Sees 3 
45 

D Height (S iS 
8 E 4h 65 
35 60P 
. = 4 
E Tiller No, a Lr 
= 3 

i 
= 2 

~~ 
F Leaf No. ® a a 
= 125) 153 
f£ 10-0 10 
—& 259 300 
G leaf Z 
eaf area 3 2008 200 


: E 0-65 0-7 
H Leaf dry Wt 9.55} 0-6" 
2 0-45 0-5 
0°55) 1-0 
{Stem dry WEE 9.45 o-8k 
S 0°35 06 
y eetetd . 1000 1000 
Brain yee 800y 800% 
. = 600 600 
y « 2200 2200 
Kr grain yield & 2000 aioe 20007 << 
i] 0 2 a 
ak EOP aq. 40 60 80 100 1800¢—39 40 60 80 100 °> 20 40 60 80 100 


K,0 Ib per acr> K,0 Ib, per acre K,0 ib. per acre 


TexT-Fic. 1. Effect of potassium application on growth and leaf composition 
at different physiological stages and final yield of barley. 


* For ready reference and easy comparison, the curves for final grain and straw 
yield have been giver under all the stages. 


in growth curve with increase in potassium above a certain amount. 
Hartt (1929) had reported a correlation in growth with the amount of 
potash supply but no such correlation was found here probably due to 
presence of sufficient potash in the soil. 


At the vegetative stage, the height of the plants increased along with 
an increase in tiller and leaf number in all the treatments (Text-Fig. 
1, cf. D with EandF). The increase in tiller and leaf number was asso- 
ciated with meristematic activity; the division of shoot meristems, leading 
to increased number of growing points; the rate of production of tiller 
primordia and leaf primordia. The increase in leaf nitrogen was also 
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noticed at this stage which indicated that the utilization of nitrogen was 
favourably affected up to 40 K treatment (Text-Fig. TA}: 


Vertical growth of the plants was correlated with ear characters 
especially ear number up to 60 K treatment. There was a strong correla- 
tion between leaf number and tiller number in all the treatments (Text- 
Fig. 1. cf. Eand F). At the heading stage of the plant’s life-cycle many 
growth characters showed correlation. The height of the plants was 
found to be correlated with tiller number, leaf number and leaf dry 
weight in all the treatments (Text-Fig. 1, cf, D with E, F and H). The 
tiller number as also the leaf number had practically the same trend in 
all the treatments (Text-Fig. 1, cf. Eand F). This similarity was associated 
with meristematic activity of the plants. The treatments which favoured 
tillering also favoured the development of new leaves by the initiation 
of newer primordia. Tiller number and stem dry weight on the one. 
hand and leaf number and leaf dry weight on the other hand also exhibited 
a correlation at the heading stage (Text-Fig. 1, cf. E with I and F with H). 


At the final stage of growth record when plants were in the milky 
grain stage a correlation was observed between height and tiller number 
at all the doses. The leaf number and leaf area also had a similar trend 
in all the treatments (Text-Fig. 1, Dto G). The height of the plants 
was also correlated with increase in leaf area (Text-Fig. 1, cf. D and G). 
The tiller number and leaf number recorded almost the same trend in 
all the different treatments which indicated that the formation of leaf 
and stem primordia go hand in hand (Text-Fig. 1, cf, E and F). Leaf 
number and leaf dry weight had a positive correlation at all the doses. 
The leaf weight and stem weight at the final stage of growth were also 
correlated; with increase in leaf weight there was an increase in stem 
weight while a decrease in leaf weight was associated with a decrease 
in stem weight in all the treatments (Text-Fig. 1, cf. H and I). Thus, 
it may be said that the leaf production controls the dry matter accumu- 
lation in the stem as it is the centre of metabolic activities. 


Almost all the ear characters were unfavourably affected by potash 
treatments. Ear number per plant showed a slight rise in 20 K treatment 
but higher treatments led to a reduction (Table III). Similar reduction 
was also noted in tiller number which explains the trend noted in ear 
number. Absolute weight of grains had increased with 20 K treatment 
but further higher treatments decreased the value. The decrease in 
most of these characters was due to low nitrogen and phosphoric acid 
uptake as revealed by leaf analysis (Text-Fig. 1, Aand B). This decrease 
in uptake was because the soil was deficient in both these nutrients 
essential for the healthy growth of the plants. 


Grain yield increased in 20 K and 40 K treatments but higher treat- 
ments had significantly lower yield (Dunton, 1949). Straw yield had 
also been adversely affected by potash treatments, except 20 K treatment 
which showed an increase over control (Text-Fig. 1, K). The straw/ 
grain ratio was minimum in 40 K which indicated that this treatment 
had favoured the production of grain more than that of straw. Thus 
it seems that high doses of K,O without N and P,O; had a detrimental 
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effect on almost all aspects of plant growth. McClelland (1931) did 
not find any benefit with potash application. Alov (1944) also found 
that increased addition of K during stooling reduced production of grain 
and straw. 


The uptake of nitrogen at the vegetative stage was found to rise 
in lower treatments but higher treatments led to a decrease in nitrogen 
uptake (Text-Fig. 1, A). When compared with potash (Text-Fig. 1, C), 
it was seen that with an increase in potash uptake there was a_corres- 
ponding decrease in nitrogen uptake. Thus high percentage of K in the 
plant was correlated with low percentage of nitrogen (Janssen and 
Bartholomew, 1929). At the heading stage the decrease in nitrogen 
in 20 K and 40 K treatments was partly due to the soil being deficient 
in nitrogen and partly due to the reciprocal effect of K,O on nitrogen 
uptake. Further higher treatments of potash slightly increased nitrogen 
percentage while it decreased the K,O percentage which further supported 
the above findings. The decrease at the last stage was probably due 
to translocation of nitrogen to the grains although grain yield was not 
much affected. The nitrogen values, in general, were quite low due 
to which poor growth and low yield resulted. 


Phosphoric acid uptake was also found to decrease with increasing 
doses of potash with the exception of 20 K where an increased uptake 
was noticed (Text-Fig. 1, B). Thus it seems that the uptake of phos- 
phoric acid was checked to some extent by potash fertilizers although 
Samuels and Capo (1952) did not find consistent effect of potassium 
addition on phosphorus concentration. Wall (1940) had also reported 
high phosphorus content in the low potassium plants. Moreover, 
soil. was also deficient in phosphate. Eriksson (1942) had also found 
a decrease in P uptake due to K manuring. There was, however, no 
change in the trend of phosphoric acid at the heading stage although 
the percentage had increased. At the milky grain stage a slight change 
in the trend of phosphoric acid uptake had been recorded. Here the 
amount of P,O; in the leaf of 40 K and 60 K treatments was higher 
than the first two stages. It seems that the phosphoric acid could not 
be utilized for metabolic activities of the plant as was reflected by poor 
growth and low yield. 


The uptake of potash was significantly increased by potash treatment 
(Text-Fig. 1, C). At the vegetative stage a rise in 80 K and 100 K treat- 
ments seemed to be in the region of luxury consumption as there was 
no corresponding increase in growth. On the contrary a significant 
depression had been recorded in these treatments. As compared to the 
amount of K,O supply to the soil very little accumulation had been 
recorded in all the treatments. At the heading stage, except for a rise 
in 20 K treatment, there was a fall in leaf K,O values which bad failen 
even lower than the values at the vegetative stage in 40 K and higher. 
treatments. Schertz (1929) had also reported that high application of 
potash produced leaves containing least potash, while Wall (1940) 
found sharp increase in potassium in the plant treated with high potash 
fertilizer. At the milky grain stage, except for a slight rise in 20 K treat- 
ment, there was a gradual fall and minimum value was recorded in 


92 NIRANJAN DAS 


100 K treatment. The decrease can be attributed to two possibilities. 
Firstly, that after the initial uptake of K,O, as noticed at the vegetative 
stage, further uptake had been checked due to resistance of potash accumu- 
lation or there might have been translocation to other parts of the plant. 
From the results it seems that optimum treatment was 20 lb. per acre 
at which maximum assimilation had taken place and above this assimi- 
lation was reduced as was evident from poor growth and low yield 
(Janssen and Bartholomew, 1929). 


The poor growth of the potassium-treated plants as shown by low 
tiller number, leaf number and leaf area was due to the lack of adequate 
amount of available nitrogen as shown by the effect of nitrogen treatments 
(Ranjan and Das, 1957). Fisher (1935) noted that tomato plants grown 
in a culture solution deficient in nitrogen had decreased amount of 
protoplasm and there was a general reduction in the growth of leaves 
and stem. On the other hand it was found by Das (1936) that increasing 
the application of nitrogen to sugarcane increased the leaf area, rate 
of leaf and joint formation, rate of stem elongation and tillering. The 
amount of nitrogen in the leaf was also low and rose only up to 40 K 
treatment while higher doses had very low nitrogen values. The phos- 
phorus in the potash-treated plants was very low which was also a 
factor responsible for poor meristematic activity. The low value was 
recorded due to the lack of phosphorus available to the plants. According 
to Mac Gillivary’s (1927) findings, high percentage of phosphorus is 
associated with regions of active growth and thus a lack of sufficient 
phosphorus leads to poor growth. 


The leaf potash was found to increase with addition of potassium 
fertilizer to the soil, especially in the higher doses (Text-Fig. 1, C). This 
was due to the increased amount of available potash in the soil. Practi- 
cally all the investigators including Bartholomew and Janssen (1929), 
Johnston and Hoagland (1929), Wallace (1931), Janssen and Bartholo- 
mew (1932), Wallace and Proebsting (1933) and Hartt (1934) had also 
reported that the amount of potassium in the plant is increased by 
its application to the soil. In many of these observations as also in the 
present one the luxury absorption of this element was apparent. 


The nitrogen and potassium in the leaf showed an inverse relation- 
ship at all the doses (Text-Fig. 1, cf. A with C). It has also been observed 
by Gildehause (1931), Janssen and Bartholomew (1932), Colby (1933), 
Rippel er a/. (1933) and Ranjan and Das (1957) that the amount of 
nitrogen was markedly higher in those treatments that had been grown 
in a sufficient supply of this element. Janssen er a/. (1934) found evidence 
in tomato plants that deficiency of potassium caused an accumulation 
of amino forms of nitrogen. 


The leaf PO; at the heading stage showed a decrease with increase 
in dosage of potash to the soil while leaf nitrogen showed a slight rise 
in these treatments. Leaf phosphorus at the heading stage showed a 
correlation with the straw yield in almost all the treatments (Text-Fig. 1, 
cf. B with K). With increase in leaf P,O; a corresponding increase in 
straw yield was noted. As phosphorus plays a positive role in the 
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metabolic processes, therefore, a reduction in phosphorus leads to 
many of the physiological processes being retarded and cosequently 
a fallin straw yield. Similar correlations have also been reported under 
phosphate treatments (Das, 1956, 1959). 


SUMMARY 


Barley (Hordeum vulgare, var. C. 251) was grown on sandy loam 
soil under field conditions. Sulphate of potash was applied at five 
different levels, viz., 20, 40, 60, 80 and 100 lb. of K,O per acre. Along 
with these a no-treatment control was also run. The entire experiment 
was laid out statistically and all the data were subjected to statistical 
analysis. Height, tiller number, leaf number, leaf area, leaf and stem 
dry weight were recorded at three physiological stages, viz., vegetative, 
heading and milky grain falling at 50, 70 and 90 days respectively from 
the date of sowing. At these very stages leaf was also analysed for 
nitrogen, phosphorus and potassium content. Finally ear characters 
and yield of grain and straw were also recorded. 


In general vegetative characters such as height, leaf and tiller number 
and leaf area increased up to a treatment of 40 1b. K,O per acre whereas 
ear characters and final straw and grain yield recorded an increase only 
in 201b. K,O per acre treatment. Further higher doses led to marked 
fall in most of the characters. The response to potash application . 
indicated that the soil under investigation needs only very low dose 
of K,O for better growth and yield. 


The effect of potash application on growth and nutrient uptake 
at different physiological stages and the final yield have been discussed 
on the basis of leaf composition. Several correlations have been found 
to exist between growth characters as well as with the nutrient composition 
of the leaf. A high percentage of K,O in the leaf was correlated 
with a low percentage of N in the leaf. Leaf P,O; also showed a positive 
correlation with the final straw yield. 
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RECURRENCE OF DROUGHT CONDITIONS 
AND MORTALITY IN SAL FORESTS OF 
UTTAR PRADESH 


By A. C. GUPTA 


Forest Research Institute, Dehra Dun 


(Received for publication on September 28, 1959) 


SAL (Shorea robusta) forests of Uttar Pradesh occur in a climatic region 
which is regarded as semi-moist. Slight climatic variations, as usually 
prevail in a monsoon type of climate, upset the delicately balanced 
soil-water regime, which is so essential for the well being of sal forests. 
The recurrence of drought conditions, therefore, affects the growth and 
reproductive capacity of sal forests to a varying extent. 


The climatic records of the last eighty years indicate that severe 
drought conditions prevailed in 1877, 1883, 1907, 1918 and 1928. The 
years 1877 and 1918 were also the worst famine years. Drought in a 
milder form is of more frequent occurrence, when. deficient rainfall and 
intense summer heat years coincide. But the chances of one drought 
year being succeeded by another in a particular area appear to be small. 
The recurrence of severe drought years is given in Table I, for the whole 
of India. This analysis indicates that the belt constituted by Kashmir, 
East and North Punjab, East and West Uttar Pradesh and Bihar are 
most liable to such climatic adversities. 


The early history of the sal forests of Uttar Pradesh is not precisely 
known, particularly in relation to drought damage. The first attempt 
to assess the causes and effects of drought damage was made by Troup 
(1913), in respect of the drought which occurred in 1907. 


It was realised that the immediate effects of drought on tree vegetation 
are often imperceptible. However, once the damage sets in, it lingers 
for an abnormally long period. The death of sal treesis caused gradually. 
During this period of natural calamity, recurrence of even a mild type 
of drought conditions aggravates the damage. If drought conditions 
occur in successive years, the damage assumes severe magnitude and ex- 
tends far and wide. In the initial stages, drought damage is confined 
to hills and silty plains where the sites have the minimum water-holding 
capacity. The young plants of sal, on which depends the perpetuity 
of the existing sal forests, receive the first and severest blow. Coppice 
growth of sal is equally liable to this kind of damage. 


Seth (1954) pointed out that there are two cycles of drought damage. 
One cycle exhibits long-term effects. Its causative factors are climatic 
and ecological in origin. It leads to gradual xerophytism and consequent 
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TABLE | 
Showing number of drought years from 1875 to 1944 


No. of 
severe 
Regions drought Actual years 
years 
Assam 3 1884, 1896, 1900 
Bengal 3 1884, 1891, 1895 
Orissa .. x 2 1901, 1924 
Chhota Nagpur 2 1903, 1915 
Bihar .. ae 8 1877, 1882, 1884, 1891, 1901, 1903, 
1908, 1932 
U.P. East 7 ee 1883, 1896, 1907, 1918, 
U.P. West 8 1877, 1883, 1905, 1907, 1913, 1918, 
1928, 1941 
Punjab East and North 8 1877, 1883, 1889, 1911, 1915, 1918, 
1920, 1939 
Punjab South and West . S 1899, 1904, 1915 
Kashmir 9 1902, 1904, 1907, 1911, 1912, 1915, 
1918, 1920, 1937 
Rajputana West he ih Side OOO 19055 191 TS 19.;5, 
1918, 1939 
Rajputana East 4 1877, 1905, 1915, 1918 
Gujarat ¥ 6 1877, 1899, 1904, 1911, 1915, 1918 
Central India West 33 1877, 1915, 1918 
Central India East 4 1877, 1905, 1913, 1918 
Berar .. ae 4 1880, 1899, 1918, 1920 
Madhya Pradesh West ti) ake 1899, 1904, 1918, 1920, 
Madhya Pradesh East 4 1899, 1902, 1920, 1941 
Konkan 6 1877, 1899, 1905, 1918, 1920, 1941 
Bombay Deccan 4 1899, 1905, 1911, 1918 
Hyderabad North 4 1877, 1899, 1918, 1920 
Hyderabad South 5 1876, 1877, 1899, 1918, 1920 
Mysore : Pec 191s 
Malabar Bs 3 1881, 1899, 1918 
Madras South-East 5 1884, 1891, 1918, 1923, 1934 
Madras, Deccan 4 1877, 1884, 1891, 1922 
Madras Coast North 1 1920 
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annual mortality. The other cycle is a short-term one, and is affected 
due to sudden variations in local climatic factors, e.g., rainfall. The 
mortality caused is pronounced abruptly. The main role of climatic 
changes, leading to drought conditions and ultimate mortality in sal 
forests, lies inits adverse effect on the soil-moisture regime. Sudden 
exhaustion or disappearance of perched water-tables is more often the 
case. 


Pande (1956) discussed drought mortality in Bahraich Division as 
directly correlated with rainfall and the depth of the water-table. Occur- 
rence of two or more years of deficient rainfall is sure to induce heavy 
mortality. The worst period in the history of Bahraich Division appears 
to have been from 1911 to 1913. From 1913 to 1924 matters gradually 
improved, but drought damage started again in 1924 and continued 
up to 1932, which was again a bad year. A bad period for Chakia and 
Charda was 1943 to 1947. Years of deficit rainfall for Bahraich are 
given in Table II. 


TABLE II 


Years of deficit rainfall for Bahraich 
(Normal rainfall—1159-8 mm.) 


1860 787-4 mm. 1913 769-6 mm. 
1864 609-6" ., 1918 Tb ahha oe 
1873 820-4 1928 881-4 ,, 
1891 873-8 1929 817-9, 
1899 891-5 1932 919-5, 
1901 998-2 ,, 1941 993-1, 
1905 967°7_,, 1946 886-5 ,, 
1907 467-4 1950 944-9, 
1908 683" aus 1951 533-4, 
1912 820-4 


The extent of drought damage in Bahraich division is gi 
Table III, : F sion is given in 


Sinha (1957) has dealt with the various aspects of recent mortality 
of sal in Gorakhpur forest division. -As a result of this unusual mortal- 
ity, about 30,000 sal trees were marked in 1952-53 for felling. In 
1951 and 1952 the rainfall of Gorakhpur was quite deficient being 682-7 
and 959-6 mm. respectively. The normal annual rainfall is 1,226-3 mm. 
It is, therefore, apparent that this mortality in sal was mainly due to 
induced drought conditions. 


* 
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TABLE III 
een epemen errs PNT ke of ere a 


Total Total 


Total Number of trees No. of | volume 
annual by diameter Class dry of dry 
Years rain- in cm. and and dying 
fall §.———_______________ dying sal trees 
(Nanpara) 0-30 30-51 Over 51 sal (Vol.) 
trees units 
1934 1158-2 214 223 41 478 543 
1935 960-1 730 733 2 1585 1447 
1936 1567-2 2286. 3083 610 5979 5733 
1937 876°3 1269 799 170 2238 2023-5 
1938 L525 528 301 af 866 684-5 
1939 1160-8 as a - oe Se 
1940 1010-9 2180 1076 386 3642 3298-5 
1941 993-1 a ee a: 1623 1665-5 
1942 952-5 25 198 462 685 864 
1943 1303-0 a - ae 263 167-5 
1944 1229-4 19121 13089 2099 34309 22141°5 
1945 1432-6 8569 6255 560 15384 10378-5 
1946 1196-3 11415 10629 1323 23367 17595°5 
1947 1310-6 4908 4070 742 9720 6670-5 
1948 1437-6 9819 6483 732 17034 9937-5. 
1949 1846-6 9996 8623 1619 20238 15369 -5 
1950 1071-9 5541 4681 765 10987 8082-5 
1951 696-0 134 202 396 732 667-0 
1952 975-4 8968 9058 2449 20475 18905 -2 
1953 1127-8 44814 44708 8174 97696 88317-5 
3 26426 45770 10996 83192 89331-0 


1954 1191- 


In the year 1931 large number of sal trees had died in the hill and 
plains of Saharanpur Division. Periodic acuteness of drought had also 
been recorded in the years 1938, 1941, 1942 and 1943. In the years 
1938 and 1941 mainly young seedlings in taungyas were damaged, while 
in the years 1942 and 1943 a large number of sal, Dalbergia sissoo, 
Terminalia tomentosa and other trees have died in Dholkhand, Lakarkot, 
Ganjarban and Rasulpur blocks. 


In North Kheri thousands of trees died in 1931-32 necessitating 
special fellings. In 1942 large numbers of young sal trees were killed 
outright by drought and Sarota compartment 4 suffered the most. The 
extent of drought damage in recent years is seen from the drought fellings 


in the year 1953-54 (Table IV). 


There have been recurring waves of drought in Horai. Kotharra 
and Mailani blocks of Haldwani Division. The exceptionally dry and 
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TABLE IV 
Drought fellings in North Kheri Division during 1953-54 


Number of trees by diameter class 
Area in cm. 


30-41 41-51 51-61 61-71 Over71 


3651 (Hectares) 6705 3824 1773 305 27 


hot season of 1913 and 1932 accelerated mortality in the periods 1913-17 
and 1932-35. During the period 1927-36 no less than 14487 cu.m. 
of sawn sal timber were exported from Horai alone and a certain portion 
of these were from dry and wind-broken trees. The mortality of sal 
has been so extensive in Horai and Mailani blocks that a large area has 
retrogressed into a dry miscellaneous forest. Sal is not reproducing 
naturally. 


After the severe drought of 1930-31 and 1931-32 a large number 
of trees died in parts of the Jaspur, Kotah and Dhauri ranges of Ram 
' Nagar Division and a still larger number was damaged beyond recovery. 
This necessitated special fellings in 1932 to 1934 and 1942 to 1946. In 
Jaspur range where the frequency of drought waves is greatest there 
was a continuous loss through drought mortality over hundreds of acres 
from 1943 to 1947 and fellings had to be concentrated on only dead 
and dying trees. 


Since 1907-08 two more severe droughts have occurred in Pilibhit 
Division in the years 1931 and 1942. In 1931 it occurred over the western 
part of the division, the damage being greatest in Mahof compartments 
114to 116in which about 50% of the crop over large areas was affected. 
The drought of 1942 was still more severe and affected almost half of 
the division, the damage being greatest in Surai, Mala, Mahof and 
Barahi blocks in which 40-60 per cent. of the crop was affected. Severe 
drought in 1914 affected the Terai and Bhabar forests right through the 
division notably the regeneration of sal in Bhabar areas. 


___ There have been two serious droughts in the years 1931 and 1941 
in South Kheri and the damage due to 1941 drought seems to be as serious 
as that of 1907-08. Agarwala (1953) analysed the figures of trees 
removed in South Kheri as dry and semi-dry during the period 1931-49 
in a recent working plan of this division from which the following details 
have ann taken. The drought casualties have been mentioned of 
two kinds. 


_ 1. Those due to recurrent drought, not affected much by the annual 
rainfall; and 


2. Those due to drought of 1941. 


TAYE Xe Peles 


‘Ne 
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a ke number of sal trees that have been removed as dry and semi-dry 
in South Kheri Division (30,780 hectares of high sal forest) during the 
period 1931-39 and 1941-49 is given in Table V. 


TABLE V 


Number of sal trees by diameter class in cm. 
remoyed as dry and semi-dry 


Period 30-41 41-51 51-61 61 and over 
L931=39>=*: pore 20904 7,824 2,830 2,523 
1941-49  .. .. 2,34,694 93,691 24,123 8,743 


For a comparison, the number of sal trees enumerated in 1939 in 
this division over an area of 27,406 hectares of high sal forest is also given 
in Table VI. 

TABLE VI 
Trees enumerated in 1939 by diameter class 


in cm 
‘ Species a $$ __________—. 
30-41 - 41-51 51-61 61 and over 
Sabie tex. 1,059,772 - 498.753  -1,49,518 61,760 


N.B.—These figures exclude a high sal area of 3,375 hectares of the sal taungya 
working circle over which no enumerations were done. 

It would appear that the 1941 drought caused a mortality of about 
22% among sal tree in 30-41 cm. diameter class, 19% in 41-51 cm. 
diameter class and 16% in Slcm. and over class. 

A drought map of the South Kheri Division had also been prepared 
for the period 1931-49 and this differentiates the drought affected 
areas into 3 main types. 


Hectares 
A. Those which suffered from recurrent drought but 
were not affected much by the drought of 1941 .. 3,203 
B. Those which were affected by the drought of 1941 .. 19,516 
C. Those which were not appreciably affected either 
by recurrent drought or drought of 1941 .. Mogi ey 


a a sel 


LOTAL... “eo 930,180 


os 
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There are certain areas, about 1,420 hectares, included in B above 
which are affected both by recurrent drought and drought of 1941 and 
all the above figures refer to areas under high sal forest. 


Areas under A and B have been further classified according to the 


intensity of drought as below:— 
Area _ affected 
(in hectares) 


A. Areas of recurrent drought— 


ART slight ce. a > ve 1,034 
A 11 Moderate se: $4 es, 2,169 
TOTAG:.. 3,203 


’B. Areas affected by periodic drought of 1941-42 
but not affected by recurrent drought— 


Betee bight c.3, a kf x: 7,115 

B 11 Moderate 3 25 5,142 

B 111 Heavy - Se = rs 5,814 - 
TOTAL .. 18,071 


Areas of recurrent drought are generally along the high bank of 
the Sarda river and along the Kathna river and Barauncha nadi. In 
these areas trees have died singly or in scattered small groups. A probable 
cause of drought in these compartments is attributed to decreased water 
supplies in the adjoining rivers in recent years, due to the diversion ofa 
major part of water of the Sarda river into the Sarda canal in the winter, 
and the consequent seepage from the forest areas to the river-bed. These 
areas generally contain a sal crop, mature or middle aged often remarkably 
deficient in young growth and regeneration. c 


Areas affected by the 1941 drought are generally in the middle 
alluvium, i.e., east of the Chaltua-Marha line. These have been 
affected moderately to heavily. In the severely affected patches, sal 
has almost been eliminated and the crop reduced to scattered miscel- 
laneous species with occasional sal and generally dense grasses. To 
the west of this line, i.e., on the high alluvium the effect of 1941 drought 
has been absent or light and generally confined to small patches in a 
few places. Areas which suffered both from the recurient drought and 


drought of 1941 are on the eastern edge of the middle alluvium bordering 
the low alluvium. ig 


The effects of various drought waves continue for several years and 
are accentuated by the insolating and sterilising effects of frequent 
fires. Departmental burning is carried out in these areas to induce 
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de novo sal regeneration while it has been reported that at some places 
fire-protective measures have also not been very successful for several 
_ years. While bad fires accentuate the process of drying up, successful 
fire protection helps in the process of recovery. In some of the areas 
where fire protection has been given and closed up satisfactorily most 
of the trees which had been only partially affected survived, with the 
result that it is now difficult to locate the damage at some places. 


In some of the areas the mortality of sal had been so extensive that 
a large area has retrogressed into a dry miscellaneous forest and the 
regeneration of sal is practically at a standstill. In Haldwani attempts 
at clear felling and raising sal plantation artificially have not been 
successful. It is, therefore, very necessary that some experiments be 
laid down to solve this problem of natural regeneration in such dry 
areas. At some places some success has been achieved by sowing 
Acacia catechu, Dalbergia sissoo, Bombax malabaricum, Kydia calycina, 
etc., but it is definitely a matter for serious consideration how far it is 
advisable to fell sal forest and replace it by miscellaneous species. 


Drought is a calamity where man becomes helpless against the forces 
of nature. It is very difficult to suggest any practical measures which 
would effectively counteract similar damage in future.- Efforts can 
only be made towards lessening the extent of damage in the event of a 
similar catastrophe in future. Nature helps the forests in some areas 
to recover rapidly from its bad effects, especially if the drought year is 
followed by a good rainfall. Nature’s efforts in recouping the damage 
combined by man’s efforts can produce far-reaching results. Man’s 
efforts in this case lie primarily in practising successful fire protection 
and controlled grazing. 


The author is highly grateful to Sri. S. K. Seth, Head of the Divi- 
sion of Forestry, and Sri. M. A. Waheed Khan, Forest Ecologist, F.R.I., 
for their most encouraging guidance and valuable suggestions during 
the writing of this paper. — 


REFERENCES 


AGARWALA, Vie P1953; Working Plan for the South Kheri Forest Division, Uttar 
Pradesh 1950-51 to 1959-60. Pp. 23-28. Lucknow. 


PANDE, D.C. 1956. Mortality in sal forests of Uttar Pradesh with reference to the 
recent mortality in Bahraich Division. Proc. 9th Silvic. Conf. Dehra Dun. 


(Under publication). 
Prasap, J. 1943. Drought in relation to Forestry. Jndian For. 69: 356-60. 
Rampas, L. A. 1949. Rainfall in India: A brief review. Indian J. agric. Sci. 19: 
1-19. : 
SETH, S. K. 1954. Report of the Sal Drought Committee, U.P. Pp. 1-20. 
“SINHA, R. L. 1957. Mortality of ‘Sal’ in Gorakhpur Forest Division, Uttar Pradesh. 
Indian For. 83: 47-53. 


_§. 1913. A note on the causes and effects of the drought of 1907 and 
Peers oe the sal forests of the U.P. For. Bull., Dehra Dun 22: 1-17, 


FACTORS IN THE DISTRIBUTION OF SAL 
(SHOREA ROBUSTA) FORESTS IN INDIA 
WITH SPECIAL REFERENCE TO 
U.P. AND M.P. 


By HAaAriIsH P. BHATNAGAR 


Forest Research Institute, Dehra Dun 


(Received for publication on September 23, 1959) 


IT is now generally accepted that the differentiation in earth’s vegetation 
is controlled mainly by temperature, rainfall and soil. Therefore, 
the study of these three factors is essential for understanding the variations 
encountered and the interrelationships of the forms. Changes in soil 
produce changes in the plant communities from place to place, in areas 
where the climate remains unchanged. Climate is responsible for the 
wide differences in the forest flora, and temperature is the most obvious 
factor of climate. The tropical evergreen forest flora of the west coast 
of India where there is high humidity, equable temperature and longer 
sunshine, is conditioned by rainfall. Climate, however, is not always 
responsible for marked differences in plant communities; in many 
cases edaphic factors predominate in determining the composition 
and extent of plant communities as is the case with a sharp line of division 
saa sal (Shorea robusta) and teak (Tectona grandis) forests of Indian 
peninsula. 


The main sal region in India is separated by Ganges valley. The 
eastern limit of sal forests is in Darrang District (Assam) and in Tripura 
(93° E. latitude). From this place there is a continuous strip along the 
sub-Himalayan tract through north Bengal, south Nepal and the north 
of Uttar Pradesh and it enters the Kangra District as a small outlier of 
stunted trees. This is the northern distribution of the species. The 
southern sal sub-region starts from the western portion of Bengal in the 
Monghyr District, from where it continues farther in Chota Nagpur 
Mirzapur and then into Surguja, Jaspur and Rewa to Bilaspur, Mandla 
and Balghat Districts of Madhya Pradesh. It extends in the west as an 
outlier as far as Chindwara and Hoshangabad. The southernmost 
extent passes through Orissa and Raipur District into Ganjam, Koraput 
Vizagapatam and Bastar where it ends. 5 


The distribution of sal can conveniently be divided into two broad 
classes, viz., (i) Geographical, and (ii) Local distribution. 


_ Geographical distribution.—Sal occurs in an extensive region under 
a wide range of prevailing climatic conditions. The amount and intensity 
of rainfall are of much importance in the distribution of sal. Schimper 
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gave primary importance to moisture conditions and viewed soil varia- 
tion as secondary to temperature and moisture. Mayer, on the other 
hand, attached greater importance to mean temperature during the 
growing season. Khan (1953) is of the opinion that in M.P. the general 
distribution of sal is governed mainly by climate, and rainfall is by far 
the most potent factor. According to him in M_P., sal generally occurs 
in areas where total annual rainfall is well over 1,375 mm. In the entire 
sal-bearing zone of M.P., total annual rainfall coupled with the local 
geology influences the quality of sal. Total rainfall and its distribution 
during hot weather (March to May) is a limiting factor. 


In Assam, NEFA and north Bengal sal thrives in a moist but equable 
climate, where the normal rainfall may be as high as 4,572mm. The 
sal zone of India is, therefore, coterminous with the rainfall limits ranging 
from 452 mm. to 1,016 mm. In the Punjab the conditions are too dry 
for its existence and thus it is its westernmost limit. In the Kangra 
valley the rainfall varies from 1,270 mm. to 2,540 mm. which is con- 
siderably higher than in the submontane tract outside and this probably 
accounts for the existence of a small area of sal as an outlier in that 
locality. In the east, in Assam, the range of sal is limited mainly by 
the humidity which induces rank growth of evergreen shrubby layer 
and dense ground vegetation which in turn inhibits the natural regenera- 
tion of sal. In the central part of India climate conditions have partly 
defined the limit of sal. Champion (1933) has given a workable classifi- 
cation of sal types based primarily on rainfall though other factors are 

-also taken into consideration. He has divided sal forests into four 
types, - viz.: 


(A) Dry sal (Rainfall rarely over 1,500 mm. and often under 1250 mm. 
mean daily relative humidity for the year under 60). 


(B) Moist sal (Rainfall between 1,375 and 1,875 mm. may be between 
1,250 and 2,500 mm., and mean daily relative humidity for the 
year between 60 and 70. 


(C) Costal sal (Rainfall between 1,375 and 1,875 mm. mean daily 
relative humidity for the year over 70). 


(D) Wet sal (Rainfall over 1,875 mm. may be between 1,500 and 
5,000 m.m. and mean daily relative humidity for the year 60-70). 


In the State of Uttar Pradesh these dry and moist sal forests may 
be regarded as variants of a climatically conditioned sal community. 
There is a transitional zone which is flanked on one side by moist sal 
association and on the other side either by dry mixed deciduous forest 
without sal, or a very dry sal forest of xerophytic nature. This xerophytic 
stage of dry sal type is mainly dominated by tree species like Anogeissus 
latifolia, Acacia catechu, and Aegle marmelos. 


Though rainfall can limit the distribution of sal to a certain extent, 
it generally induces better growth of sal trees and thus produces better 


quality. 
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Temperature.—As regards temperature, the whole tract may be 
considered sub-tropical with hot summer, along growing period and 
mild but definite winter. In the western Himalayas sal ascends in 
places where there is occasional snowfall and where the maximum shade 
temperature is not much above 32°C. _ It suffers considerably from severe 
frost, particularly in the valleys of western sub-Himalayan tract as well 
as in Central India. This factor often limits distribution of sal. But 
in parts of Chota Nagpur and M.P. it grows in localities where the 
temperature may rise to 46°C. or more. In the eastern part of its 
northern region the maximum temperature is not usually above 38°C. 
On the whole the maximum shade temperature varies from 34°C. at 
high elevation to about 47° C. in the hottest part of Chota Nagpur and 
the absolute minimum varies from under 0°C. to about 7°C. The 
range of absolute temperature also becomes a limiting factor in certain 
localities but in M.P. where the range of temperature is not appreciably 
wide, temperature does not seem to influence the distribution of sal. 


Local distribution —Within general climatic types distribution 
of sal is mainly governed by conditions of topography, geology and 
soil. Sal forests occur both in hilly country and on flat ground. In 
the hilly country sal is found to be in stunted form on the ridges. In 
the dry hot localities it avoids ridges altogether, andis confined to moist 
and cooler aspects and depressions. It grows best on the lower slopes 
and in the valleys where the soil.is deep moist and fertile. On flat 
ground it is usually found in better condition near streams and in moist 
situations. Generally the sal forests in such areas are of better quality. 
In outer Himalayan valleys, sal ascends the outer hills to 1,219-2 
meters and occasionally to 1,524 meters. 


Topography.—The configuration of the ground presents consi- 
derable variety. The Siwaliks are characterised by extremely rugged and 
broken ground with many steep and precipitous as also gentle and level 


slopes. According to topography the sal forests can be classified broadly 
as follows (Troup, 1921): 


(i) Forests of hills and narrow valleys. 
(ii) Forests of the river terraces. 


(iii) Forests of Duns (“ Duns” are broad valleys in the outer 
Himalayan ranges). 


(iv) Forests of the sub-montane and Bhabar tracts (“* Bhabar 


tracts” are the deep screen deposits at the Himalayan foot- 
hills), and 


(v) Forests of Tarai (“‘ Tarai’? is the swampy area at the outer 
region of the Bhabar tract) and plains. 


The extent to which the precipitation is made available to the 
forests depends partly on the topography of the ground. Topography 
is influential in promoting rapid drainage in all hilly areas, and in deter- 
mining local accumulation in badly drained, low-lying localities and in 
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such special tracts as Tarai. Topography affects mainly gravitational 
water in the soil. Soil moisture is controlled by topography, aspect and 
physical and chemical properties of soil itself. At places where rainfall 
is just sufficient for the optimum growth of sal, exposure plays an im- 
portant role in the distribution of sal. It affects the hygroscopic water 
of the soil. In M.P. southern and eastern aspects are hot and the soll 
on these aspects are consequently drier. On these soils sal is either 
absent or only poorly grown. Usually the northern and north-western 
aspects carry best sal.. The soils on steep slopes are thoroughly drained 
off and have comparatively a low percentage of soil water, whereas. 
in depressions, gravitational water tends to accumulate on moderate 
slopes; and on undulating countryside soil moisture is just sufficient 
with adequate drainage. Thus sal is confined to low undulating hills, 
lower reaches of steep hill slopes, and very frequently flat stretches of 
land where drainage is good. In the pockets on steep slopes, where 
water gets a chance for accumulation, sal occurs only as a sporadic 
constituent of the crop. 


Geology.—Though the general distribution of sal is governed mainly 
by climate its local distribution is governed largely by conditions of 
geology and soil. Many workers in the past tried to correlate local - 
geology with the distribution of sal. Most of the work has been done 
with respect to M.P. and U.P. Middlemiss as early as 1890 pointed out 
that in the outer Himalayas, the distribution of sal is the limit of the 
tertiary zone. Smythies (1919) related plants with geology in Nainital 
District, and stated that geology of the tract is a predominant factor in 
the distribution of forest types. Champion (1933) believed that the 
underlying rock is of small importance, specially when the distribution 
of sal is correlated with the depth, aeration and moisture retaining 
properties of the soil. His conclusions clearly indicate that geological 
formation is of secondary importance. The faint correlations between 
the occurrence of various formations and types of sal forests, occurring 
in M.P., are as follows: 


The best sal occurs on deep loam soils covering or derived 
from crystalline rocks. Good quality sal occurs on crystalline rocks which 
have produced only moderately deep, yellow soils. The moderate 
quality sal occurs on crystalline rocks producing yellow loamy soil. 
The poor quality sal occurs on alluvium, often turning into black soil. 
The low quality sal occurs on lateritic trap and crystalline rocks producing 
only dry shallow soils. Mooney (1947) has stated in his work on sal 
of M.P. that sal occurs primarily on acidic rocks and if by erosion the 
acidic top soil is washed away leaving behind the basic rock stratum, 
sal gradually disappears from the locality. 


Puri (1950) tried to correlate geology with the occurrence of sal 
in the Siwalik hills which are composed of alternating strata of Siwalik 
clays and conglomerate. He stated that Siwalik clays which are ferru- 
ginous and indicate low pH value are best suited for sal. Sal is found 
to occur in low percentage in the tree canopy on the conglomerate. He 
has also correlated the occurrence of various plant communities with 
structural geology and the pH values of different soils. Hole (1941) 
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is of the opinion that excess of organic matter is detrimental to sal 
regeneration. Bhatnagar (1958) has also found out in his ecological 
studies on sal of U.P. that organic matter and pH are found to be low 
in soils where the growth of sal is good, and that sal prefers acidic soils. 
The following is the summary of the work done at the Forest Research 
Institute by the author (Bhatnagar, 1959): 


TABLE I 


Correlation of Organic matter and pH value of soil with quality. and with 
either good or poor regeneration of sal 


Regenera- Organic Site of 
Quality tion of pH matter collection of soil 
sal %o samples 


i Good 5°58 1-79 North Kheri, Sarauta 7 


I Poor 6:00 2:29 Haldwani, Lakhmanmandi 4 


II Good 5°85 1-93 South Kheri, Mailani 43 


I] Poor 5-99 1:99 North Kheri, Bhadraula 4 


Il Good 5°85 1-84 Dehra Dun, Asarori 10 


Il Poor 6:00 2-11 South Kheri, Mailani 28 


IV Good 6:20 2:13 Bahraich. Motipur 34 


IV Poor 6:20 2°33 Bahraich, Motipur 69 


Sathe (1951) is of the opinion that in M.P. better quality of sal forests 
with higher percentage in tree canopy is found on soft and light rocks, 
e.g., sand rocks, soft sandstone, micacious schists with clay and sand. 
The good quality of sal in these forests occurs on acidic soils. Based 
on a detailed study in south Raipur, Khan (1953 a) stated that no parti- 
cular rock mineral or minerals are closely associated with the occurrence 
of sal. However, the rocks containing greater proportion of quartz 
or calcite and dolomite, usually carry no sal or only poor sal. The 
rocks which usually carry good sal crops are graphic granite, coarse 
biotite-granite, amphibole-quartz-microline, aggregates and quartz- 
felspar-hornblende rock. There does not seem to be any definite corre- 
lation between the sal quality and sal-bearing rocks. The occurrence 
of sal advance growth and the degree of its establishment is only faintly 
iwi with rocks containing fair amounts of hornblende and 
elspar. 
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Puri (1951) is of the opinion that low subsoil acidity, high surface 
and subsoil calcium and high organic matter are indicative of the causes 
responsible for the poor growth and regeneration of some sal forests 
of M.P. Bhatnagar (1958) also reached similar conclusions in his work 
in U.P. sal forests. The author is of the opinion that the physical pro- 
perties of the soil are mainly responsible for the poor regeneration of sal 
and, therefore, the physical properties such as water-holding capacity, 
moisture per cent., and moisture equivalent may be the limiting factors 
for the local distribution of sal. These values are higher in the soils 
of good sal regions. For U.P. sal forests (Seth and Bhatnagar, 1959) 
these properties may be summarised thus: 


TABLE II 


Correlation of physical properties of soil with quality 
and regeneration of sal 


Re- Moisture Moisture Water- Site 
Qaality genera- con- equi- holding ols 
tion tent valent capacity collection 
I Good 18-08 34-15 39-59 North Kheri, 
Sarauta 7 
I a ae 02 iy 2ae05 30:47. Haldwani Lakh- 
manmandi 4 
Il Maced 16:75 29-59 30:47 South Kheri, 
Mailani 43 
I Poor 15-30 28-60 35-85 North Kheri, 
Bhadraula 4 
Il Good 16-96 30-10 36-43 Dehra Dun, 
Asarori 10 
Tae Poor . 14-69 21°29 34-33 Ramnagar. 
Jaspur 43 
IV ie Good 14-93 27°30 35-50 Bahraich, 
Motipur 34 
ay CP sae: 14-77 27.43 Sie Cat) Bahraich, 
be Motipur 69 


Champion (1933) is also of the same opinion that deep soils hold greater 
amount of soil water than the thin ones and in the case of truncated 
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soils the exposed subsoil has a much less water-holding capacity. There- 
fore, the distribution and quality of sal is directly correlated with soil 
moisture. Khan (1953 5) stated that texture of the soil affects: the distri- 
bution of sal in M.P. Soil texture is thus associated with soil moisture 
and it may therefore be concluded that the distribution of sal in natural 
sal region is correlated directly and primarily with soil moisture whereas 
geology comes into play only as a secondary factor. 


Hewetson (1953) considered that the chemical potential is of primary 
importance in the distribution of sal. He believed that certam minetals 
may either preponderate or inhibit the growth of sal. Bhatnagar (1958) 
has shown that U.P. sal forest soils are not deficient in the mineral content 
with regard to nitrogen, potassium and phosphorus. The results 
of the soil and sand culture experiments on sal at the Forest Reseaich 
Institute, Dehra Dun, have shown that the minimum threshhold value 
for potassium is somewhere near 0-08%, for nitrogen is about 0-09%. 
and for phosphorus is about 0-05%. 


Biotic factors.—Biotic factors also play an important role in the 
development and succession of sal forest. Most important of them 
are fire and grazing. Adverse effects of fire are many and the most 
obvious one is the total destruction of forest litter and humus. Usually 
the burnt over areas abound in grass and very often a secondary retro- 
gression sets in, which causes abundance of grasses like Erianthus munja, 
Imperata cylindrica and shrubs like Clerodendrum infortunatum, Mallotus 
Philippinensis to the very detriment and inhibition of sal regeneration. 
Uncontrolled or excessive grazing has very adverse effects on the re- 
generation of sal. Trampling and browsing of regeneration are common 
and the soil is hardened in which establishment of young seedlings is 
difficult. Erosion is accentuated and thorny unpalatable shrubs 
like Carissa opaca, Zizyphus spp., etc., increase in proportion. Excessive 
grazing and fires also arrest seral development of vegetation and some- 
times lead to retrogression. In U.P. the dry sal forests are mainly 
confined to dry Siwalik or alluvial soils, where they are increasingly sub- 
jected to biotic influence. In this retrogressed stage sal fails to regene- 
rate but the community is stable so long the causative factors remain 
operative. 


Hewetson (1953) has to some extent dealt with the effects of differ- 
ent plant associations on soil. Under equable climatic conditions a 
deciduous forest cover stimulates leaching and accelerates soil develop- 
ment. Puri (1950) in his studies of forest communities in the forests 
of Dehra Dun valley has stated that under pure or almost pure canopy 
of mature sal forming Sal-Syzygium community there is ample amount 
of regeneration of sal, most of the soil in surface layer being acidic 
with pH varying from 6-0 to 6-5. In mixed stand with scattered trees 
of sal forming Sa/-Ougeinia community, there is always higher pH usually 
above 6:5. Griffith and Gupta (1948) have ascertained that soil towards 
acidic side is better for the development of sal. I have found (Bhatnagar, 
1958) in my studies on forest communities in sal forests of U.P. that in 
Sal-Terminalia-Moghania and Sal-Syzygium-Randia-Ageratum communi- 
ties the regeneration of salis good and the development is better with 
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higher proportion of sal in top storey from 20% to 96%. In Sal- 
Anogeissus-Colebrookia community the regeneration is poor as also 
the development is comparatively poor; the composition of sal in top 
storey is also low from 65% to 70%. In Sal-Terminalia-Glycosmis 
and Sal-Lagerstroemia-Pogostemon communities regeneration and deve- 
lopment of sal are fair; they are poor and sporadic in Sal-Ougeinia- 
Carissa-Sida, while in Sal-Ougeinia-Colebrookia the conditions are 
mostly poor. 


SUMMARY 


Sal (Shorea robusta) occurs over extensive areas experiencing a 
wide range of climatic conditions. The rainfall is by far the most potent 
factor and the distribution pattern of rainfall is closely related to the 
distribution of sal forests. Roughly, sal occurs in the zone receiving 
annual precipitation of 1250-4575mm. In drier localities of 
Madhya Pradesh, Andhra Pradesh and western U.P. soil moisture during 
the drought months becomes the limiting factor. At the moisture 
extremity in Assam it merges with evergreen formation. As regards 
temperature the whole tract may be considered as sub-tropical with hot 
summer, a long growing period and mild but definite winter. On the 
whole the maximum shade temperature varies from 34° C. at high eleva- 
tion to about 117° F. in the hottest part in plains in Chota Nagpur and 
the absolute minimum varies from under 0°C. to about 7°C. 


Within the general climatic types distribution of sal is mainly governed 
by conditions of topography, geology and soil. Topography plays 
an eminent role in influencing the soil moisture. Geology of the locality 
affects the process of soil genesis by imparting it a specific chemical 
aspect and a characteristic texture. Usually, soils with low pH and 
low organic matter contents are best suited for sal. Effects of altitude 
and aspect have a marked imprint in the local distribution of sal. In 
the drier part of sal zone, eastern and southern aspects are usually devoid 
of sal. Excessive desiccation on these aspects is the limiting factor. 
Biotic influences like excessive fire and grazing cause severity in ecological 
conditions and very often the seral development of vegetation is either 
unduly arrested or retrogressed. Also the effects of plant communities 
themselves on soil and general environmental factors precisely determine 
the distribution of Shorea robusta forests, to Dr. 8S. G. Puri for help 
in various ways. 
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AMONG cereals wheat ranks as important as rice but unlike the latter, 
It 1s never subjected to transplanting in the field. Custom of trans- 
planting the tender seedlings in many vegetables like chillies, onion, 
tomatoes and brinjal, etc., is quite common and everywhere the process 
has contributed in providing higher yields. Even second transplanting 
in case of chillies as reported by Singh (1953) has given 50% higher 
yield over the first and third transplanted plants. In rice second trans- 
planting in poorer soils has paid less dividends over the single planting 
of vigorous seedlings (Ramiah, 1937). 


As regards the effect of transplanting on plant morphology, several 
workers in the field of ecology, like Weaver, Clements and Loomis, 
etc., have gone into the details of root development. Recently Appala 
Naidu and Sankara Rao (1958) have reported an experiment on transplant- 
ing in Ragi (Eleusine coracana Gaertn.) and have observed that second 
transplanted plants gave increased yields. They have also stated that 
in the transplanted plants the depth of the roots increased but the spread 
decreased and have also been able to find correlation between root 
system, tillering and yield of grain and straw. 


In the present paper effect of transplanting on four varieties of wheat 
has been studied with particular reference to its effect on many compo- 
nents of yield like tillers, number of fertile flowers per spikelet, number 
of spikelets per ear, ear length, number of grains per ear, number of 
mature ears per plant, grain weight per ear and 100 grain weight. Along 
with these, observations on height, grain yield and straw yield have 
also been studied. 

MATERIAL AND METHODS 


The varieties included in this investigation are: (i) R.S. 31-1, 
a newly evolved early maturing variety for sandy and sandy loam soils 
in Rajasthan, (ii) C. 591, a well-known Punjab variety well suited to 
the canal irrigated areas in Rajasthan, (iii) N-P. 718, an LA.R.I. strain 
of medium early maturity which has been introduced in Rajasthan 
for its rust resistance and higher yield and (iv) Jaipur Local, a 
commercial unimproved type. 
All the four varieties used in the experiment were subjected to the 
following two treatments. 
(A)—Control: normal sowing of the seed was done by dibbling 
on 30-10-1956. 
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(B)—Transplanting: one month old uniform seedlings were trans- 
planted in the beds on 30-11-1956. 


Each treatment was sown ina 15’ 15’ plot, which accommodated 
fifteen rows, each at a distance of one foot and about 450 seedlings ; 
the plant to plant distance being 6”. 


Individual plant observations were recorded in all the treatments. 
Observations which concerned the many aspects of the ear, like ear length, 
number of spikelets per ear, fertile flowers in the different spikelets 
of the ear, number of grains per ear and weight of the grain per ear 
were recorded by averaging the observations on maximum of ten random 
ears selected from each plant. Rest of the observations like height, 
number of mature ears per plant, grain yield per plant, straw yield per 
plant and 100 grain weight were recorded in the usual manner. 


RESULTS 


Within about seven days transplanted seedlings were well rooted 
and started fresh life by putting forth fresh leaves and tillers. R.S.31-1 
and Jaipur Local showed quick response to transplanting by establishing 
earlier than N.P. 718 and C. 591. 


TABLE | © 
Height in cm. | 100 grain weight 
nee } 
Varieties Treatments % increase Treatments % increase 
or decrease or decrease 
A B over A | A B over A 
| ; ! 
R.S. 31-1 oe 120-5 = 106°7 —-11-50 | 4:97 3:77 | —21+3 
C, 591 e+} 128-1 129-2 + 0°85 | 4°35 4-06 — 7:0 
N.P. 718 ss} 118-9. 9495] 29-05 | “4-31 Saoe | oo iae 
Jaipur Local «.|) 110°3 98°5 —10°69 | 4-51 3°48 | —29°5 
! { 
S.E. of treatment difference: 4-34 0:23. 
Nonsignificant Nonsignificant 


_ _ Height.—In all the varieties except C. 591 there has been a decrease 
in height under transplanting. Even in C. 591 the increase in height 
is only about one ‘centimetre which is quite marginal. The range of 
decrease in the transplanted plants varies from about 10 to 17%, the 
highest being in N.P. 718. Statistically also the differences between 
the two treatments are not significant. 


100 grain weight.—All the varieties have shown decrease in i 
weight when subjected to transplanting. The loss in grain welphttts 
highest in Jaipur Local, where there is a decrease of about 2979 An: 
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R.S. 31-1 the decrease is only 21-3°/. Varieties C. 591 and N.P. 718 
have been affected the least since the decrease is only 17: and 93 6y, 


respectively. Here also the differences between the two treatments are 
nonsignificant. 


TABLE II 
No. of tillers per plant No. of mature ears/plant 
( 
Varieties 
: Treatments % increase) Treatments % increase 
or decrease or decrease 
A B over A A B over A 
RS. 31-1 --| 6°25 25-00 | +300-00 | 6:00 21-40 + 256-6 
C, 591 -.| 12-10 22-80 | + 88-4 | 10-50 21-00 +100:0 
N.P. 718 ..| 10:20 20:90 | +104:9 9-00 20:00 | +122-2 
Jaipur Local --| 7°80 39°90 | +441-5 6:90 39°60 +480°4 
S.E. of treatment difference: 5-04 5:22 
Significant at 5% level. Significant at 5% level 


Tillers—Transplanting has resulted in greater inducement of 
tillering. Although all varieties have shown increased tillering under 
transplanting, the percentage increase over the control is not uniform. 
Varieties like Jaipur Local and R.S. 31-1 have given very high percentage 
increase of 441 -5% and 300-0% respectively. The remaining two varieties, 
viz., C.591 and N.P. 718 have given very low increase of 88:-4% and 
104-9% respectively. 


Mature ears—The increased tillering under transplanting gave 
way to the development of many late tillers which did not set any seed. 
Hence observation on mature ears per plant was also recorded. The 
observation of mature ears is following the same pattern as that of the 
tillers. Among the varieties, R.S. 31-1 produced more late tillers under 
transplanting. In all the varieties percentage increase in mature ears 
over the control is more than 100%. Jaipur Local has exhibited the 
highest increase of about 430%. 


Ear length.—In all the varieties ear length finds an increase of about 
one cm. under transplanting. The percentage increase in ear length 
is highest in local, which is 15:2% and is the lowest in C. 591 where it 


is only 8-4%. 


Number of spikelets per ear.—Except in N.P.718, there is an increase 
in the number of spikelets per ear. N.P. 718 has shown a decrease of 
5-4°/ over the control which comes to about one spikelet per ear. Very 
high percentage increase of about 28% and 26% has been obtained in 
varieties R.S. 31-1 and Jaipur Local respectively. 
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Number of fertile flowers per spikelet.—Observation on fertile flowers 
per spikelet has been taken by recording the number of seeds set in 
spikelets at upper, middle and lower region of the ear. Generally in 
all varieties under control treatment, the upper spikelets have two, the 
middle ones three to four and lower spikelets two fertile flowers in each 
spikelet. Under transplanting fertility of the upper spikelets has remained 
unchanged, whereas in the middle and lower spikelets the fertility has 
increased (Table III). In comparison to the upper and middle spikelets 
the increase in fertility is more pronounced in the lower spikelets of all 
the varieties. 


TABLE III 


No. of fertile 


Ear length in cm. |No. of spikelets per year) pou. / spikelet 
Varieties Led Be ey of he sees % 
Treatments |increase| ‘Treatments | increase Treatments 
or or 
A B decrease} A B_ | decrease A B 
over A over A 
RS. 31-1 .. 8°50 9°60 12:9 16-00 20-5 | 28-12 | U*-2 U-2 
| | M-(3-4) M-5 
| L-2 L-4 
C. 591 -.» 10°76 11°67 8-4 19-70 21:°7 | 10-10 | U-3 U-(2-3) 
) M-(3-4) M-4 
) | | L-2 L-(3-4) 
N.P.718 .. 9°05 10-40| 14:9 20-60 19:5 | —5-40 | U-2 U-2 
) | M-(3-4) M-(3-4) 
| | | L-2 L-(3-4) 
Jaipur Local | 9°50 10:95 | 15*2 18-10 22-8 | 25-90 | U-2 U-2 
M-(3-4) M-4 
| L-2 L- (3-4) 
. : { | 
S.E. of treatment difference : 0°23 1:36 *U-Upper 
Significantat 5° level. Nonsignificant at 5% level M-Middle. 
L-Lower. 


Number of grains per ear—Number of grains er ear in all i 

: : : th - 
ties have Increased under transplanting. The earceiiias Fee a 
the control is 75-5%, 31-4%, 21-1%, and 16-6% in varieties R.S. 31-1 
Jaipur Local, C. 591 and N.P. 718 respectively. ; 
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Grain weight per ear.—Grain weight per ear is the highest in R.S.31-1 
under transplanting. In rest of the varieties percentage increase over 
the control is varying from 23-:9% in Jaipur Local to 2050, 
in C591 and N.P. 718 (Table IV). 


TABLE IV 
No. of grains per ear Grain weight per ear in gm. 
Varieties ; By 55 ; 
Treatments % increase Treatments | % increase 
or decrease or decrease 
A B over A A B | over A 
R.S. 31-1 -.| 38:0 66:7 + 75:5 1-96 3°26 +66:3 
C. 591 «s| 54-9 66-5 + 21°1 2°54 3°21 +263 
N.P. 718 es| 55°9 65-2 +16:6 2°39 3°02 +26°3 
Jaipur Local "*) 46-2 60:7 +31°4 2-09 2°59 +23-9 
} 
S.E. of treatment difference : 4-36 bh 0-179 
Significant at 5% level. Significant at 5% level. 


Number of grains per plant.—Under transplanting Jaipur Local 
and R.S. 31-1 have exhibited an excellent increase in the number of 
grains per plant, which is up to the increase of 436-5% in Jaipur Local 
and 428-3% in R.S. 31-1 over the control. In comparison to Jaipur 
Local and R.S. 31-1, varieties N.P. 718 and C. 591 have shown very poor 

erformance under transplanting since increase over the control is 
only 132% and 98% respectively as shown in Table V. 


TABLE V 
No. of grains Grain yield per plant Straw yield per plant 
per plant in gm. in gm. 
Varieties ee 
Treatments |% increase} Treatments |% increase| Treatments |% increase 
or decrease or decrease or decrease 
A B over A A B over A A B over A 
RS. 31-1 we | 179°7 949°7 +428°3 | 8°83 46-25 +423°7 | 18-01 90°75 + 403-8 
_ 591 ..| 476°6 943-7 + 98-0 19°45 41-49 | +113°3 | 38-93 94-49 | +142-7 
SP 718 .. | 375-9 872-4 | +4-132-0 | 15-51 37-89 +144-2 | 24°75 52°53 +112-2 
: 49+97 


Sjaipar Local ..| 265-9 1426-6 


+ 436-5 | 12:02 


+315-7 | 17-89 UL S| +464°6 


‘S.E. of treatment difference: 
Significant at 5% level, 


161-06 


Significant at 1% level, 


4-47 


12-08 
Significant at 5% 
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Grain yield per plant.—Grain yield is the most important consi- 
deration in this experiment. Differences exhibited by the treatments 
are also highly significant. In the normally dibbled plants the highest 
grain yield of 19-45 gm. per plant has been given by C. 591, whereas in 
the rest of the varieties the yield is varying from about 8-15 gm. per 
plant. On transplanting all the varieties have shown increased yields 
over the control treatment. The highest grain yield under transplanting 
has been obtained in Jaipur Local which is 49-97 gm. per plant. The 
lowest yielder in this respect has been N.P. 718. Now when the varietal 
response of transplanting is assessed over the normal sowing, it 1s 
observed that R.S. 31-1 and Jaipur Local, which have given an increase of 
423-7% and 315:7% respectively (Table V), have shown an excellent 
performance under transplanting while the remaining two varieties 
N.P. 718 and C. 591 have shown an increase of only 144-:2% and 113-3% 
respectivly. 


Straw yield per plant.—Here also all the varieties have shown 
increase in straw yield when transplanted. In varieties Jaipur Local, 
C. 591 and R.S.31-1 straw yield is 101-00 gm., 94-49 gm. and 90-73 gm. 
respectively under transplanting but in comparison to their respective 
controls, the percentage increase in straw is 464-6% in Jaipur Local, 
403-8% in R.S. 31-1 and 142-7% in C. 591 (Table V). 


DISCUSSION 


There is reduction in height under transplanting conditions in 
all the varieties except C. 591, where also the increase is only one cm. 
or 0:85% over the control. In rest of the varieties the decrease varies 
from about 10 to 17%. 


Straw yield is mainly controlled by tillering and height. Although 
height has decreased under transplanting, it is mainly the tillering 
which has contributed the most in increasing the straw yield under 
transplanting. The observtions show correlation between the yield 
of the straw and the number of tillers. The same correlation has been 
observed by Naidu and Rao (1958) in Ragi also. The same varieties 
Jaipur Local and R.S. 31-1 which had given an increased tillering of 
about 300 to 400% have shown very high increase in straw yield on 
transplanting; whereas the lower increase in tillering obtained by C. 591 
and N.P. 718 has resulted in giving lower increase in straw yield. 


All the components of grain yield except the 100 grain weight display 
an increase under transplanting in all the varieties. The loss in grain 
weight is very highin Jaipur Local and R.S.31-1. The maximum tillering 
has also been obtained by Jaipur Local and R.S.31-1 which is about 
300 to 400%, greater than that in the normal sowing. Number of mature 
ears was also found to be maximum in the Jaipur Local but the percentage 
increase over the control was 430-4% in Jaipur Local and 256-6 in R.S. 
31-1, The effect of transplanting on the length of the ear is rather 
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uniform in all the varieties since it shows only one centimetre increase. 
Total number of spikelets per ear have shown an increase under trans- 
planting in all the varieties except N.P.718. R.S. 31-1 and Jaipur Local 
have shown very high percentage increase of about 28% and 26% res- 
pectively in comparison to their controls. _ Fertility of the lower spikelets 
in all the varieties has greately been effected under transplanting, since 
the number of fertile flowers has increased from two to four. In upper 
spikelets the fertility has remained unchanged. In the middle spikelets 
there is no increase in fertility in varieties N.P.718 and Jaipur Local 
but in varieties R.S. 31-1 and C. 591 some increase is perceptible. 


Since number of grains per ear is directly effected by the ear length, 
spikelets per ear and fertility of the spikelets, the expected increase 
under transplanting in all the varieties was also observed. The per- 
centage increase over the control is the highest in R.S. 31-1 which has 
shown about 75% increase. Like number of grains per ear the grain 
weight per ear has also increased on transplanting and the percentage 
increase over the control is also the highest in R.S. 31-1. 


As has already been mentioned earlier that all the components of 
grain yield except the 100 grain weight have shown an increase under 
transplanting, the grain number and the grain weight per plant has 
also shown an increase in all the varieties. For both number of grains 
and the total yield per plant varieties R.S. 31-1 and Jaipur Local have 
given very high increase of about 300 to 400% whereas N.P.718 and 
C. 591 show an increase of about 113 to 144%. Wheat is never trans- 
planted in practice but such spectacular high yields of grain and straw 
obtained in varieties R.S. 31-1 and Jaipur Local, does not rule out the 
possibility of getting economically higher yields of these varieties under 
transplanting and intensive cultivation. 


SUMMARY 


Effect of transplanting was studied in four varieties of vulgare 
wheat, viz., R.S. 31-1, C. 591, N.P. 718 and Jaipur Local. Observations 
were recorded on height, tillering, mature ears per plant, ear length, 
spikelets per ear, fertile flowers per spikelet, grain number per ear, grain 
weight per ear, 100 grain weight, straw yield per plant and grain yield 
per plant under transplanting and normal sowing. 


Except the height and 100 grain weight, all the other aspects have 
shown an increase under transplanting in all the varieties. Varieties 
R.S. 31-1 and Jaipur Local have given an excellent performance under 
transplanting. Increase in grain yield is about 300 to 400% and straw 
yield about 400 to 460% over the control. 
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IN India the systematic and ecological study of the hydrophytes as a 
group has not received adequate attention, although such a study has 
always yielded very useful data on the ecology, floristic composition 
and various other aspects of this interesting group of plants. Mention 
must be made of a few notable contributions such as Biswas and Calder’s 
(1937) book on the marsh and aquatic plants of India; Kapadia’s 
(1950) booklet on the plant-life of Mahagujarat, wherein he lists some 
of the common aquatic plants of this region; Saxton and Sedgwick’s 
(1918) Flora of North Gujarat, in which a broad ecological classification 
of the flora is given and a few others by Ratnam and Joshi (1952), 
Mirashi (1954, 1957), Navalkar (1956) and Kachroo (1956). But, as far as 
the authors are aware, no work is done on the floristic composition and 
distribution of the aquatic plants in this part of the Bombay State. 


A beginning in this direction is made by the authors in the present 
paper. As far as the study of the hydrophytes of Baroda is concerned, 
the only work that has been done, deals with the seasonal variations 
in the vegetation and phenology of the plants occurring in and around 
a pond at Harni, a village 24 miles N.E. of Baroda. In the present 
paper, it is proposed to give a comprehensive data on the distribution 
and floristic composition of the hydrophytes occurring in the various 
habitats of Baroda and its rich environs. 


AREA OF STUDY 


An area of about 50 sq. miles has been selected for this particular 
study. The accompanying map shows the area surveyed so far. 


Baroda was the capital of the former Baroda State. It is one of 
the important cities of the Bombay State and is 110 ft. above sea-level. 
The climate is more or less tropical. Highest humidity is recorded 
during the months of June-September. March-May are the driest 
months having lowest humidity. All these climatic factors have a 
profound influence on the vegetation in general and the aquatic flora 
in particular. Soil varies from black aluvial to red loam and is compa- 
ratively dry except in the rainy season, 
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HABITATS 


Hydrophytes are the denizens of ponds, puddles and marshes and 
hence were studied from such localities in Baroda. There are a number 
of ponds, natural or artificial; a great number of puddles, which are 
dry in the hot months and are filled up during the monsoons; River 
Vishwamitri and tributaries and a number of marshes or swamps, which 
exhibit a wide variety of aquatic flora. For our convenience, we have 
divided the area of study into 9 smaller areas, each of them having a 
number of habitats, where hydrophytic flora can flourish. The areas 
are Race-course, Nizampura and Chhani, Harni, Panigate, Sewage- 
Disposal, Pratap-Nagar, Lalbaug and Makarpura, River Vishwamitri 
and tributaries and finally the City area. Each area is fairly large and 
as such only the most important habitats have been taken into con- 
sideration while preparing the distribution chart. 


DESCRIPTION OF THE PONDS 


Race-course, Nizampura and Chhani, Lalbaug and Makarpura and 
the City areas are comparatively poorer in aquatic flora. Some marshes 
in the Race-course area show Limnophila heterophylla, Sesbania 
bipinnata, Scirpus supinus, Caesulia axillaris and Ludwigia parviflora. 
Ipomoea aquatica, Asteracgontha longifolia, Eclipta prostrata are some 
of the dominant plants in many of the ponds or puddles in the above- 
mentioned areas. The marshes near the *.Nagarwada Talao’ in the 
City area support an association of Limnophytum obtusifolium and 
Asteracantha longifolia. Isoetes coromandeliana, Butomopsis lanceolata 


and Scirpus quinquefarius are some of the noteworthy plants of this 
area. 


In the Harni area are included the Harni ponds (I and II), Varoshia 
and Sirsia ponds and ‘ Vaidawadi’ an outlet for the Sirsia pond. The 
Harni ponds are perennial, though the water-level goes down consi- 
derably during the hot months. The aquatic flora here consists of 
Nymphaea stellata, Nelumbium speciosum, Neptunia oleracea, Lagarosiphon 
alternifolius in their waters, Limnophila indica, Butomopsis lanceolata, 
TIsoetes coromandeliana, Eleocharis plantaginea as amphibious hydro- 
phytes near the banks and Enicostemma yerticillatum, Elytraria acaulis, 
Acanthospermum hispidum on their wet slopy banks. The marshes 
and the rice-fields round about show the presence of Eriocaulon Sp., 
Ludwigia parviflora, Dopatrium junceum.and Utricularia reticulata. 
Potamogeton crispus and Hydrilla verticillata are some of the important 
plants found in one distant corner of the Sirsia pond. As the water- 
level in this pond goes up, the overflowing water is drained through a 
canal known as ‘ Vaidawadi’. This canal supports a rich hydrophytic 
flora of Nymphaea stellata, Ipomoea aquatica, Pseudoraphis aspera, 
Ceratophyllum demersum in the waters, Eleocharis plantaginea and 
Limnophytum obtusifolium as amphibious hydrophytes and Cyanotis 
axillaris and Phaseolus trilobus on the wet banks. On the advent of 
the dry months, Ipomoea aquatica dominated the water surface 
as well as the muddy banks, Asteracantha longifolia became more 
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Note: 


Numbers indicate the habstats as 
represented in the clistrifution charts. 7 <— 
/ 


2ems 21 Mile 


aggressive occupying the area previously occupied by Limnophytum 
obtusifolium. A considerable portion of the wet banks was exposed 
with the result that Blepharis molluginifolia, Vernonia cinerea, Alysicarpus 
vaginalis became firmly established. As the canal was reduced to its 
maximum, Ipomoea aquatica, Marsilia quadrifolia, Gnaphalium indicum 
and Dentella repens formed the main component of the vegetation present 
at that time. 


Panigate area is probably the richest as far as the aquatic vegetation 
is concerned. Most of the temporary ponds in this area are utilised 
for the cultivation of water-chestnuts, though during the dry months, 
they show the presence of Hydrilla verticillata, Azolla sp., Juncellus 
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pygmaeus, Potentilla supina and Gnaphalium indicum. Ottelia alismoides 
is found in a small temporary pond in this area. Dudheshwar Mahadeo 
pond supports an association of N. ymphaea stellata, Ipomoea aquatica on 
its waters and Cyperus esculentus, Scirpus articulatus, Caesulia axillaris, 
Ludwigia parviflora on the muddy water-logged banks, while Madhavpura 
pond exhibits a similar type of association on its surface-waters but 
differs in its fringe vegetation, which consists mainly of Eleocharis 
plantaginea-Limnophytum obtusifolium-Oryza sativa var. fatua commu- 
nity. Small ponds and puddles near * Mohmed Talao’ show the pre- 
sence of Sagittaria guyanensis, Ceratophyllum demersum, etc. 


The Sewage Disposal area shows a striking difference in its aquatic 
flora, which abounds in most of the nitrophilous species like Asteracantha 
longifolia and Eclipta prostrata. The marshes (whole area is saturated 
with sewage water throughout the year) show a dominance of Juncellus 
laevigatus, Cyperus brevifolius, Cyanotis axillaris and Phyla nodiflora. 
‘Koma’ and ‘ Dudhiya’ ponds have a vegetation very much different 
from that of any of the ponds in the area surveyed so far. These ponds 
are completely occupied on their surface-waters by the alga, Microcystis. 
Along the margins can be found plants like Lemna polyrhiza, Cerato- 
phyllum demersum, Ipomoea aquatica and Typha sp. Kapuria Talao 
supports an association of Eleocharis plantaginea-Nymphaea stellata 
along with Limnanthemum cristatum and Scirpus maritimus. 


Pratap-Nagar area includes Danteshwar ponds, Mandir pond and 
a number of puddles and water canals. Danteshwar ponds lie on the 
S.E. of the Baroda City, near Pratap-Nagar Railway Station. The 
ponds show a luxuriant growth of Utricularia stellaris, Nymphaea stellata, 
Hydrilla verticillata, Lagarosiphon alternifolius, Trapa bispinosa, Marsilea 
quadrifolia, Aeschynomene indica in its waters and Phyla_ nodiflora, 
Merremia emarginata, Dentella repens, Eclipta prostrata on its margins 
and wet banks. Trigonella occulta forms the carpet vegetation during 
the dry months when the water level goes down considerably. Around 
the main ponds, there are number of temporary water collections which 
invariably show Monochoria vaginalis in the centre and Marsh plants like 
Ludwigia parviflora, Caesulia axillaris, Murdannia nudiflora, Ammannia 
baccifera, A. multiflora, Fimbristylis miliacea and Cyperus difformis 
along its margins. Such water collections, when dry during the hot 
months, show a luxuriant growth of Heliotropium supinum, Chrozophora 
prostrata, Glinus lotoides and Polygonum plebejum. Mandir pond 
supports an association of Eleocharis plantaginea-Nymphaea stellata 
along with Hygrorhiza aristata, Asteracantha longifolia near the margins 
and Fimbristylis junciformis and Juncellus pygmaeus on its banks. The 
puddles in the area show a dominance of Lemna polyrhiza. The water 
canals have Ceratophyllum demersum in its waters and Eclipta prostrata 
and Cyperus bulbosus on its banks. 


The River Vishwamitri takes its origin in the Pavagadh Hi 
runs through the city of Baroda. Duis the Mannsaenee es en 
usually in spate and the banks are flooded with the result that no vege- 
tation is seen during these months. After the monsoons, the water 
level goes down, exposing the banks throughout. In the month of 
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October, the banks are muddy, showing a very sparse vegetation. At 
this time Xanthium strumarium, Crotalaria medicaginea and Asteracantha 
longifolia are the only plants available. During the dry months, Lemna 
polyrhiza, Marsilea quadrifolea, Scirpus litoralis, Cyperus difformis, 
Bacopa monnieri, Canscora diffusa, Ammannia baccifera, Gnaphalium 
indicum, G. _pulvinatum, Sphaeranthus indicus, Verbascum coromandeliana, 
Phyla nodiflora among others were collected. A thorough exploration 
of the banks is utterly necessary to throw some light on the problem of 
seasonal variations in the vegetation. 


In the artificial ponds in the University area Pistia stratiotes, 
Cyperus alternifolius, Equisetum debile are some of the hydrophytes 
grown for ornamental or study purposes. 


DISCUSSION 


The aquatic and sub-aquatic communities of the ponds and puddles 
investigated so far include the following :— 


A. Free-floating communities— 


I. Plankton—abundantly found in steady or very slowly 
flowing water; ex., Aydrodictyon (Vishwamitri 
waters), Tetraspora (Vaidawadi), Zygnema (Harni 
pond), etc. 


II. Spermatophyta—Occur in still waters of the puddles; 
ex., Utricularia, Lemna, etc. 


b. Communities of rooted plants entirely submerged— 
Found in fairly deep waters on the substrata of soft mud. 
ex., Chara, Nitella, Lagarosiphon, etc. 


C. Communities of rooted and submerged plants with floating 
leaves— 


Found in clear waters in the sheltered regions of the 
puddles and ponds, ex., Nymphaea, Limnanthemum, Trapa, 
etc. 


D. Marsh communities— 


Marsh plants tend to occur with their roots in water- 
logged soils. These plants are very common and occupy 
large areas. ex., Limnophytum, Scirpus, Aeschynomene, etc. 


Most of the ponds are flooded during the monsoons and show 
the presence of some of the aquatic communities mentioned above, 
on its surface or near the banks. The water level subsequently goes 
down, exposing the wet banks which invariably show a luxuriant growth 
of a carpet vegetation of herbaceous plants such as Acanthospermum 
hispidum, Alysicarpus vaginalis, Bacopa monnieri, Bergia odorata, 
Blepharis molluginifolia, Cyanotis axillaris, Dentella repens, Elytraria 
acaulis, Enicostemma verticillatum, Gaaphalium indicum, G. pulvinatum, 
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Distribution of Hydrophytes in the various habitats of Baroda and environs. 


No. Name of the Plant LY 2 SFA eS eee | imeem 


1 Nymphaea stellata 
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24 Alternanthera sessilis , 
R. Br. $ SOS ie oe ee a ree aaa x 
25 Ceratophyllum demersum 
Linn. re te eet Ge gS IK -- 
Dowel vdriliaverticillaia Presi “oes xX KY eK x x 
27 Lagarosiphon alterni- 
folius Roxb. Druce .. — — X X ~ — = — 
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30 Monochoria vaginalis 
Presl. ¥ Pri fas 40 lak Soa oe, CO — 
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No. : Nanie of the Plant 7 Le F2 3 4 5 } 6 7 S ee 
39 pa Se jay ‘hide | aes 
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40 P. crispus L. .. BoP ESS Fi > ae el 
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42 Cyperus brevifolius ef Rs 
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46 C. exaltatus Retz. ee KS Oe 
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48) " inbristylis nilintea-, % <2: p85, |e ee ones ea 
Vahl. : nD Oe a 
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50 . Scirpus articulatus Linn.» —- X- *. *~— XX x. — eS 
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52S. supinus Linn. be Ry At RR eae * ae se ag 2 
53 Hygrorhiza aristata Nees. sean Change Le x -—- = a 
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1, Race—course area; 2. Nizampura and Chhavi area; 3. Harni area; 
4. Panigatearea; 5. Sewage Disposal area; 6. Pratap-nagar area; 
7. Lalbaugh and Makarpura area; 8. River Vishwamitri and tributaries. 9. City 
area, 
—, Absent. Xx, Present. *, Abundant. 
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Heylandia latebrosa, Hybanthus enneaspermum, Juncellus pygmaeus, 
Launaea nudicaulis, Potentilla supine, etc. 


During the dry months, the water level recedes to its maximum and 
the ponds and puddles present a characteristic plant community con- 
sisting of Argemone mexicana, Alhagi camelorum, Chrozophora pro- 
strata, Coldenia procumbens, Cressa cretica, Heliotropium supinum and 
Polygonum plebejum on their exposed soils. 


The 58 species (excluding the wetland and terrestrial species) en- 
countered in the survey belong to 46 genera and 27 families. Families in 
groups, other than the angiosperms, include the Isoetaceae, Salviniaceae 
and Marsileaceae. Of the 24 families of angiosperms, there are 9 mono- 
cotyledonous and 15 dicotyledonous families. The percentage of the 
monocot and dicot families in this survey comes to 37 and 63 respectively. 
The monocot families contribute 30 species distributed among 23 genera, 
while the dicot families have 25 species dispersed through the remaining 
genera. Though the ratio of the number of monocot families to that 
of dicot families comes to 1: 1-7, the ratio of the number of species 
belonging to those classes is 1: 1-1. 


The distribution of these aquatic plant communities in the various 
areas is certainly interesting. From the distribution chart, it may be 
concluded that the North-East, East and South-East areas of the region 
under study are considerably 1ich in quality and quantity as compared 
to the rest of the areas. These differences in the distribution can be 
attributed to the various conditions which are responsible for the develop- 
ment of macroscopic plants in water bodies. These conditions can 
be classified as physical, chemical and biotic. Physical factors include 
amplitude of water level, turbidity and sedimentation, type of bottom 
and depth and temperature of water. The chemical factors like oxygen 
tension, nutrients, acidity and alkalinity are always more important. 
Human and animal activities also play a significant role in the develop- 
ment and distribution of the higher aquatic plants. Unless a detailed 
ecological study of the different ponds in Baroda is made, this peculiar 
pattern of distribution of the aquatic communities cannot be accounted 
for. 


SUMMARY 


1. An introduction stressing the need of a comprehensive data 
on the floristic composition and distribution of the aquatic plant commu- 
nities occurring in Baroda and its rich environs. 


2. Description (location, climate, etc.) of the area of study is also 
given. The area is divided into 9 smaller areas. 

3. Description of the various ponds and puddles with a brief 
account of the aquatic flora occurring there. 

4. A distribution chart, giving in details the distribution of the 


aquatic plants in the various habitats of Baroda and environs. Only 
the most important habitats have been taken into consideration while 


preparing the chart. 
9 
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Prof. Shankar Purushottam Agharkar (1884-1960) 


PROFESSOR SHANKAR PURUSHOTTAM 
AGHARKAR, M.A., Ph.D., F.L.S., F.N.I. 
(1884-1960) 


A Biographical Note 


PROFESSOR S. P. AGHARKAR was born on the 18th November 1884 
(Margashirsha Pratipada, Shaka 1806) in a family of Chitpawan Brah- 
mins called Datar, hailing from village Kothare in the Ratnagiri District, 
Maharashtra State. Professor Agharkar’s early education was through 
Marathi, Kannada and English at various places. He matriculated 
in 1902 from the Government High School, Dharwar, and took his B.A. 
degree in 1906, obtaining a first class. At his B.A. examination he 
won the Bell prize for his proficiency in English and he was awarded the 
Lisboa scholarship for practical Botany at the Grant Medical College, 
Bombay, in 1907. He took his M.A. degree in 1908 with Botany, 
Zoology and Geology as his subjects. Later, he served as Lecturer 
and Head of the Biology Department in the Elphinstone College, 
Bombay, from 1910-13. During this period, he discovered a new 
freshwater medusa in the Koyna valley which was described as Limnoc- 
nida indica Annandale.* With Dr. Annandale he toured the whole 
of the Western Ghats, and collected several new animals and plants 
of which the freshwater sponges turned out to be very interesting. 
Through Dr. Annandale he came under the influence of Dr. F. H. 
Graveley and Sir William Wright Smith of the Royal Botanical Garden, 
Sibpur, Calcutta. In 1913 he was appointed honorary correspondent of 
the Indian Museum, Calcutta, and attended the Centenary Celebrations 
of the Indian Museum. While at the Indian Museum he described adult 
and larval forms of the net-veined midges (Blepharocerideae) from 
Kashmir, including Philoris bionis Agharkar, and, for the first time, 
the larval forms of three other species till then known only frem South 
Africa. In token of his regard for him, Dr. Graveley named a new centi- 
pede from the Western Ghats as Cryptorrhyptops agharkarii. 


The Calcutta University was then vigorously growing under the 
influence of the late Sir Asutosh Mukerjee. At the instance of Dr. C. V. 
Raman, Professor Agharkar was invited to take up the newly instituted 
Ghosh Professorship in Botany in that University. Soon after, he 
proceeded to Germany for higher training in Plant Taxcncmy and 
Plant Geography; but just after his arrival in that country, World 
War I broke out, and he was interned as an enemy subject in various 
camps in Germany, from October 1914 to July 1917. After his release, 
he worked under eminent botanists like Engler, Diels, Correns, 
Pilger, Lindau, Von Gutenberg and others and was awarded the Ph.D. 


©! ® Annandale, N., 1911, Nature, Lond. 87 (3). 
10 ie 
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degree of the Berlin University for submitting a thesis entitled 
Verbreitungsmittel der Xerophyten und Sub-xerophyten des nordwestli- 
chen Indiens und ihr Herkunft. This thesis was deemed highly laudable 
by his examiners—Professors Engler and Haberlandt. This well-known 
thesis deals with the mechanism and means of dispersal of the xerophytes 
and sub-xerophytes of North-Western India and traces their origin and 
distribution. It was later published in the Jahrb. System. Bot. (56, 
Beibl. 124: 1-41, 1920). 


He toured extensively in Denmark, Norway, France, Spain and 
Italy and made several excursions in the Pyrenees and Sierras Nevada 
as well as on the Mediterranean coast. He also worked for some time 
in the Herbarium at Kew. All the collections made during this period 
were presented by him to the Calcutta University and formed the nucleus 
of the Herbarium there. In July 1920 he resumed teaching at the 
Calcutta University. He explored the flora of Nepal visiting Gosainthan 
in ae Muktinath, Damodarkund and valley of the Kaligandhaki 
in ’ 


_ Under his influence the Botany Department of the Calcutta Univer- 
sity gradually expanded. A series of papers dealing with genera such as 
Musa, Carica, etc., and plants of economic importance such as jute and 
mango came out. The flora of North Bengal was also being intensively 
studied and schools of research in different branches such as Cytotaxo- 
nomy, Plant Geography, etc., were established. These schools are now 
being continued by such eminent workers as I. Banerji, P. N. Bhaduri 
B. C. Kundu, K. Biswas, A. K. Ghosh, S. C. Sarkar, P. K. Sen etc. 
In 1946 he retired from the Ghosh Chair and to commemorate his meri- 
torious services to the University, a Gold Medal was instituted in his 
name. The phenomenal growth and development of the Botany Depart- 
ment of the Calcutta University which covers various distinct branches 


of the subject is a standing monument to his ; : 
planning. is foresight and capacity for 


After his retirement from Calcutta he settled 
Here, with the help of eminent educationists in the noche cstablicaed 
on 7th October 1944, an institution named as the * Maharashtra Associ 
tion for the Cultivation of Science’ for the promotion of scientific 
research. This institution, which is under the auspices of the Indi ; 
Law Society, is actively engagedin research schemes on the Oytotaxonaiel 
of Cereals, Plant Breeding, Mycology and Plant Pathology, Entomolo 4 
Microbiology, Plant Physiology, Palynology and Biochemist sah 
unique feature of this institution is the team of retired scienti ti! : h 
actively participate in its research projects and guide youn id k 
SPN eras ae sh the State and Central Goubinananee 
of Agricultural Research, the Council of Scienti i 
Industrial Research, ete. To his inspiration i mgpre ts. 
BG Sree ane ar ese ree in the Bast fie pre or te orth 
I at he has left all his property and assets includi 
library full of rare books. Several young men forked heetiard 
taken their Doctorate degrees in pation iapchen Heat ae 
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associated with the establishment of the Botany Department of the 
University of Poona and its subsequent growth. 


Professor Agharkar was actively connected also with the growth 
and spread of scientific activity in India. He succeeded Dr. C. V. Raman‘ 
as the Secretary of the Indian Science Congress Association from May 
1924 to January 1935, and continued to be a member of its Executive 
Committee till 1946. In recognition of his services to this body, -he 
was awarded the Indian Science Congress Medal and the Bruhl Medal 
by the Royal Asiatic Society of Bengal. In 1935, he was elected Founda- 
tion Fellow and Organising Secretary of the National Institute of Sciences 
of India and continued in this capacity till 1945. In 1938 he was appointed 
Secretary of the Soil Conservation and Afforestation Committee of the’ 
then National Planning Committee. The same year he also served 
as Chairman of a Committee for the creation of National Herbaria. 


He was closely connected with the Indian Botanical Society 
right from its inception in various capacities, as President (1923), 
member of Editorial Board, and Honorary Treasurer and Business 
Manager. Professor Agharkar was connected with many other 
scientific bodies in the country. He has been the Honorary Secretary, 
Indian Society of Soil Science, 1935-40; President, Botanical Society 
of Bengal, 1940-45; President, Indian Ecological Society, 1940-45: 
Secretary, Biological Science, Royal Asiatic Society of Bengal, 1943-49); 
Vice-President, Royal Asiatic Society of Bengal, 1945-46;  Vice- 
President, National Institute of Sciences, India, 1945-46, and served on 
the Indian Council of Agricultural Research, Indian Central Jute 
Committee, the Bengal Provincial Agricultural Research Committee and 
the Indian Research Fund Association, now the Indian Council 


of Medical Research. 


He undertook, at the instance of the Bombay Government, a 
revision of the Botany volume of the Bombay Gazetteer. The first 
part dealing with medicinal plants was published in 1953 and the 
second part on timber and woody plants in 1957. He was actively 
engaged in the revision and preparation of the third part, dealing with 
the economic plants of the Bombay State, up to the time of his rather 


unexpected demise. 


ite of his failing health since 1956, Professor Agharkar main- 
ner ae contact with the Maharashtra Association for the Cultiva- 
- tion of Science (M.A.C.S.), which was SO dear to his heart, and ae 
scientific activities.” At the time of his sudden demise on the ce 
September 1960, he was busy working, in collaboration with Shri A. Ke 
Ghosh, Chief Palynologist to the Oil and Fuel Commission, on_the 
floral elements of Bengal and the origin of the Bengal Flora. Even 
on the day prior to his demise, Professor Agharkar, against medica 
advice, had been to the M.A.C.S. laboratories and made kind enquiries 
about the workers there, as well as to the progress of the various 


research projects under way. 
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Professor Agharkar was a devout Hindu and a vegetarian through- 
out his life. He was deeply imbued with a strong sense of social obli- 
gations and hationalism. Quite a number of persons remember him 
with deep gratitude for his generosity, although like a true samaritan 
he never ‘let his left hand know what his right did’. Professor Agharkar 
is survived by his wife. His students in Calcutta and elsewhere would 
long remember Mrs. and Professor Agharkar whose home was always 
‘Open House’ to them. As was evident in all that he did, he had 
thoroughiy imbibed the German tradition from his illustrious teacher, 
Professor A. von Engler, and to it he added the good in Indian tradition. 
In him Indian Botany has lost a stalwart who contributed in no small 
measure to the growth and spread of Botanical and all scientific 
knowledge in the country. May his soul rest in peace! 


T. S. MAHABALE. 


REVIEWS 


The Orchids—A Scientific Survey. Edited by Carl L. Withner, 
(Chronica Botanica No. 32. The Ronald Press Company, N.Y., 
U.S.A.), 1959. Royal 8 vo. pp. ix + 648. Price $ 14-00. 


In these days of specialisation, where progress is noticed in every 
branch of Botany, it appears to be quite fitting and opportune that a 
book on a fascinating and interesting group of plants, viz., the Orchids, has 
been published by the Ronald Press Company, New York. The subject- 
matter has been treated admirably under the able editorship of Dr. Carl 
L. Withner, Associate Professor of Biology, Brooklyn College, Brooklyn. 
A fund of information is provided in this monumental work and in this 
great task the editor and the fiteen other specialists have collaborated 
in a very able way by contributing authoritative articles on various 
aspects of Orchidology. 


There are 14 chapters with four appendices. In Chapter I, Carl L. 
Withner traces in a thorough manner the early history of orchids and 
their place in folklore. This is followed by Chapter 2 where Charles 
Schweinfurth has written in a very cogent manner the history of orchid 
taxonomy. The fine bibliography is very handy and it forms a useful 
reference to the general literature on orchids published from various 
regions of the world. In Appendix I, Schweinfurth has given a careful 
translation of Schlechter’s key on the classification of orchids written 
in Latin. This ‘long-awaited’ key to the orchids in the English language 
is a boon to students and specialists in orchid taxonomy. He considers 
this classification as par excellence because (1) the key is_ strictly 
dichotomous, (2) emphasis is laid on reproductive structures and the 
more easily observed vegetative structures, and (3) it is the most recent 
and widely accepted scheme of classification, embracing a greater amount 
of material and a larger number of generic concepts than the other systems. 
It would have been more useful, however, if the translator had given 
the key to the further separation to genera under each subtribe. 


In Chapter 3, Sam Shushan has given an account of the Develop- 
mental Anatomy of an Orchid, Cattleya x Trimos. The developmental 
stages from seed to maturity are described. Mrs. Adams in Chapter 4 
gives an excellent account of variation in orchids which is a very 
characteristic feature of Orchidaceae. The 61 illustrations which have 
been carefully chosen to demonstrate the variation in orchid flowers 
are particularly instructive. It is desirable that more drawings showing 
floral variation within a taxa are included. 


Michael Wirth and Carl L. Withner in Chapter 5 have summarised 
the available information on the Embryology and Development in the 
Orchidaceae. These authors have pointed out that very little integration 
has been attempted to utilise this information as an aid to other fields 
of study, even though development and embryology are admirably 
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suited to supply data for taxonomy and phylogenetics. The authors 
under the heading Apomixis on page 182 write “ Polar bodies have not 
been known to develop into embryos in the Orchidaceae ”’. This sentence 


is rather vague and not clear. 


Chapter 6 is on Orchids and Cytology by Robert E. Duncan, — The 
author has tried to cater to the needs of two types of readers: “‘ One 
who knows little about orchids but a great deal about cytology and the 
other who knows a good deal about orchids but little about cytology ” 
and in this endeavour he has certainly succeeded. This chapter together 
with the list of chromosome numbers appended in Appendix III should 
be invaluable both to orchid cytologists and breeders. The author has 
also indicated the vast scope for future work in this family since at present 
chromosome number is known only for 1-5% of the species. At one 
time the most common haploid number in orchids was supposed to be 
16 but the present information indicates that 20 is the most common 
gametic number. Many errors have unfortunately crept in author 
citations and bibliography. On page 194, para 2, the name of Wilson 
(1949) is given but this is not cited in bibliography. Again on page 194, 
para 3, the work of Hagerup (1938) is cited, but in the bibliography two 
references are given (Hagerup, 1938 a and 1938 5); whereas in the body 
of the paper the author has not indicated whether he is referring to the 
first or second reference. On page 205 the name of Hoffmann (1931) 
is given but this is not cited in the bibliography. On page 229, para 3, 
the name of Léve (1954) is given but according to the bibliography it 
should be Léve and Léve (1954). It is suggested that these and few 
more errors of this sort are corrected in the next edition. For deter- 
mining the chromosome number in orchids an account of the smear 
technique employed is given by Carl L. Withner in Appendix IV. 


In Chapter 7 Lee W. Lenz and Donald E. Wimber have given a 
comprehensive review on Hybridisation and Inheritance in Orchids. 
Since the production of the first successful hybrid by John Dominy a 
little over a century ago, many thousands of hybrids have been produced, 
a record not equalled in any other group of plants. The chapter also 
includes a table on all multigeneric hybrids that have been evolved 
so far with the name of the originator. In spite of the innumerable 
hybrids that have been produced, the exact information on the genetic 
behaviour of the various species and hybrids are lacking. Even in this 
chapter there are a few erro1s in the bibliography. 


Carl L. Withner has dealt in a very lucid and cogent way on the 
Physiology of Orchids. In this 8th Chapter the author lays emphasis 
on seed germination and reproductive physiology. The chapter also 
includes an extensive list of references. In Appendix III he has brought 
together very valuable information on culture media for orchids. Chap- 
ter 9, on Mycorrhiza of Orchids, is written in a fascinating and authori- 
tative manner by H. Burgeff. Chapter 10, by Gavino B. Rotor, Jr. 
includes a concise review on Photoperiodism. 


Chapter 11 on Fungal and Bacterial Diseases of Orchids by Peter 
A. Ark, Chapter 12 on Virus Diseases of Orchids by D. D. Teach and 
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Chapter 13 on Orchid Pests and their Control by A. Earl Pritchard, 
are very comprehensive and these three chapters alone are worth the 
price of this book. A very well-written account on Vanilla—the orchid 
of Commerce—is presented in Chapter 14 by N.F. Childers, H. R. Cibes 
and ‘E. Hernandez-Medina. Information on the commercial production 
of Vanilla is also given. 


The get-up of the book is excellent; the illustrations and photo- 
graphs ‘are very convincing. This fine book on orchids must have a 
place in all scientific institutions and universities. 


K. SUBRAMANYAM, 


The Garden Flowers of China. By H. L. Li. (Chronica Botanica—An 
International Biological and Agricultural Series No. 19. The Ronald 
Press Company, New York), 1959. Pp. vi + 240. Price $6.50. 


Many of the beautiful flowering plants as the peony, chrysanthemum’ 
camellia, etc., introduced to the modern gardens the world over during 
the last two centuries have had their origin in China. The present- 
day collection of the innumerable, priced horticultural varieties of these 
and other species is actually the outcome of judicious selection, domesti- 
cation and skilful development and improvement of ornamental plants 
by the Chinese people starting from the days of pre-history. In this 
fully illustrated book, the author has presented the story of gorgeous 
Chinese flowers and their association with the Chinese people throughout 
the past history. In the first chapter entitled ‘China, Mother of 
Gardens’, a general introduction is given about the unique vegetation - 
of China, the geological and geographical factors that have been instru- 
mental in assembling and preserving the richest and very diversified 
flora of all temperate regions, the art of Chinese flower culture, the 
beauty of Chinese favourite flowers and their symbolism. There is 
a fine chart on the origin of important garden flowers in China. In 
the second chapter, the author has reviewed Chinese horticultural 
literature both ancient some dating back to ninth century B.C. and 
modern. In Chapters 3.to 23 are found detailed and interesting accounts 
of moutan peony, the herbaceous peony, the chrysanthemum, the 
Japanese apricot, the peach blossom, the sacred lotus, orchids, camellias, 
Narcissus, the roses, the mysterious jade flower, day lilies, lilies, crab 
apples, jasmine, Viburnum and Hydrangea, Hibiscus, Magnolia, Azalea, 
Begonia and Wisteria respectively. In the last two chapters, exotic flowers 
and recent introductions are described. The book includes scientific 
names for each species, brief botanical descriptions and detailed biblio- 
graphies of the Chinese literature. Together with scientifically established 
facts, the author also covers the legendary material, translations of 
Chinese names, their symbolism, their uses in the gardens and homes 
of China and also how they were introduced into the Western world. 
Besides the literature pertaining to specific plant groups listed at the 
end of the chapters, there is a general bibliography and a bibliography 
of Chinese horticultural writings published before 1850, , 
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The book is very well written and is attractively got up. The 
illustrations are excellent and most of them are copies of Chinese origi- 
nals as much as 850 years old. The book has 18 delightful Plates which 
are reproductions of paintings of important flowers in colour on silk, 
in ink on paper and on Chinaware, of the early Chinese dynasties. This 
book will be of much interest to botanists, orientalists and horticul- 
turists and it should find a place in all botany libraries. 


C. B. SULOCHANA. 


Beautiful Climbers of India. By Dr. B. P. Pal. (Published by the Indian 
Council of Agricultural Research, New Delhi, with a Foreword 
by Dr. M. S. Randhawa), 1960. Pp. 105. Plates 39. Price Rs. 8-00. 


Every lover of nature will welcome this book. The author is a 
well-known naturalist with a fervour. The book embodies his experi- 
ences as well with the climbers and is of very great value. 


The first chapter deals with the classification of the climbers and 
in the second chapter, ‘‘ How to Grow Them” and in the table on 
pages 98-100, the author has set forth the general lines of guidance 
tor the cultivation and selection of one’s favourites from among those 
dealt with in the book. Nearly a 100 species of the more common 
climbers of India are dealt with in the book and of these nearly half 
of them at great depth. For each of the latter are given a brief descrip- 
tion, in very simple language, of the plant, its horticultural varieties, 
details of flowering, propagation, etc., informations which will be of 
great help to gardeners and selecters. Notes given by the author on 
_ the selection of those climbers in keeping with the architectural back- 


ground of the building will prove a great help in the decoration of private 
and public buildings. 


The book is very neatly and well illustrated with 39 colour plates. 
These include some beautiful paintings by Ganga Singh, while the 
rest are colour photographs and all of them bring out the prominent 


features of the climbers to enable even the lay-reader to identify common 
climbers. } 


_ The layout of the book and the cover design are artistic and the 
printing of the book has been neat and of a high standard. The Author 
and the Indian Council of Agricultural Research are to be congratulated 
for this publication. Such publications will, it is hoped, if followed 
by books on local flora similarly designed, are bound to be of great 
interest to naturalists and will be useful to gardeners, ornamentalists, 


plant hunters and will enthuse many lay-people into a keener search for 
plants yet unknown, 


T. V. DESIKACHARY. 
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